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I. INTRODUCTION 
Culturing of protozoa in the laboratory is an essential 
part of many types of protozoological research done today. 
Among the protozoa, trichomonads in culture have been widely 
used throughout the world. Some of the most successfully 
used media for trichomonad culture are the following: C.P.L.M. 
medium of Johnson and Trussell (19^ 3)# S.T.S. medium of Kup-
ferberg, Johnson and Sprince (1948) and Diamond's medium 
(Diamond, 1957). Before these media were available, workers 
in the field of protozoology used media including fecal mate­
rial, homogenized intestinal material and other additives of 
unknown composition which supported the trichomonads but also 
allowed and sometimes required the growth of bacteria or yeast 
(Boyd, 1918). Also In the past, media developed for other 
organisms such as amoeba (Balamuth, 1946) and for tricer-
comonads (Boeck, 1924) were even used. In general, those media 
used today are more clearly defined with the exception of 
blood serum and liver extract which can be purchased commer­
cially and used by the lot number for specific investigations 
in order to keep variables at a minimum. Obviously, there must 
be an advantage to the investigator if he chooses to change 
procedures while continuing on the same line of work. The 
evolution from one culture technique to the next usually in­
volves an improvement in the numbers of protozoa attainable, 
the rate and consistency of growth, the consistency and 
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availability of the media or the ancillary procedures of the 
technique, such as aseptic techniques. 
Following the initial report by Nelson (1938) of cultur-
ing Trichomonas foetus beneath the chorio-allantoic membrane 
of the developing chick embryo, a number of workers used, 
embryonic fluids in situ for culturing various trichomonads. 
After this initial flourish of interest, with most authors re­
porting positive results, the use of chorio-allantoic fluid, as 
a culture medium seemed to disappear from the literature of 
the time. This disappearance occurred during the period, of 
development of C.P.L.M. medium by Johnson and Trussell (19^ 3)# 
which has since proven to be one of the media of choice for 
the culture of several species of trichomonads. 
The criteria that might have been used in influencing 
investigators to change from chorio-allantoic fluid to labora­
tory prepared media for culturing experimental organisms do not 
appear in the literature. Practically no information is 
available on the rate of growth or total population of protozoa 
that can be grown on chorio-allantoic fluid, and no information 
is available on morphological changes occurring in trichomonad 
populations grown in chorio-allantoic fluid. It is hoped that 
the results of this study will yield data to help fill these 
voids of information concerning the reaction of a porcine 
trichomonad. Tritrichomonas suis, as it is cultured in chorio­
allantoic fluid. 
This study was designed specifically (1) to determine the 
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normal growth characteristics of T. suis in C.P.L.M. medium, 
(2) to investigate the growth characteristics and morphologi­
cal changes of T. suis that occur during an extended in vivo 
culturing period, (3) to determine by protozoan growth analysis 
if embryos of one age were better suited for this in vivo cul­
turing than others, (4) to determine the effect of inoculation 
numbers on the growth characteristics during ^  vivo cultur­
ing, (5) to determine the growth and morphological character­
istics of T. suis in C.P.L.M. medium following in vivo cultur­
ing periods, (6) to determine the growth and morphological 
characteristics of T. suis when cultured, in chorio-allantoic 
fluid in vitro, and (7) to determine the growth and morpho­
logical characteristics of T, suis cultured in C.P.L.M. medium 
following in, vitro culturing periods. 
Although the experiments were limited to T. suis, it is 
hoped that the results will be of broad implications which 
will be applicable to many species of protozoa. 
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II. LITERATURE REVIEW 
The genus Trichomonas is credited to Donné (1836) who 
described organisms in the vaginal discharges of a woman. The 
name given to these organisms at that early date was Trico-
monas vaginale. Samples of these organisms were sent to 
Dujardin who indicated that no such infusorial forms had been 
previously observed and described. He indicated to Donne that 
they were allied to tricodes by their "cils" and to monads by 
their horn shape, and by the union of these two previously 
independent characteristics in one organism, the erection of 
the new genus Trico-monas was warranted. A more extensive re­
port of Trico-monas vaginale, including the first figures of 
a trichomonad, was given by Donne (1837)* In his figure 3 
the undulating membrane, which is short in T. vaginalis, is 
represented by a series of structures we would now call cilia. 
Ehrenberg (1838) referred to "Tricomonas" in his index. 
He equated it with Trichomonas and gave the specific name 
vaginalis in spite of the previously used vaginale. However, 
in the text of his book, Ehrenberg questioned the validity 
of Donne's interpretation of these organisms because Ehrenberg, 
himself, had considered them to be "acariden", 
Gruby and Delafond (1843a, b) first reported protozoa in 
the stomach contents of a pig. These protozoa were described 
as being flattened and oval in shape, with the posterior end 
terminating in a conical tail, and the "bords minces du corps 
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garnis de cils vibratiles". Due to the limited optical equip­
ment available to G ruby and Delafond at that time, the undulat­
ing membrane might well have appeared to be vibrating cilia 
along the border of the animal. Movements of the protozoa 
were described as being very quick, and their gross body 
dimensions were found to be 0.02 mm long by 0.01 mm wide. 
Davaine (1877), according to Switzer (1951) and Hibler et al. 
(1960), assigned the name Trichomonas suis to this organism 
on the basis of the description by Gruby and Delafond 
1843a, b). 
In Kofoid's (1920) review of the nomenclature of human 
intestinal flagellates, the genus Trichomonas was specifically 
reserved for those species with four free anterior flagella. 
The new genus Tritrichomonas was established to contaii poly-
mast igo tes with three free anterior flagella and with T. 
augusta Alexeieff as the type species. 
The trichomonad used in this study is the stomach strain 
isolated from its porcine host and associated microbes by 
Dr. B. w. Buttrey in July, 1957* using the U-tube migration 
technique of Glaser and Coria (1935)* From the above informa­
tion and the history of the Buttrey culture it can be stated 
that this stomach strain used in the present investigation was 
Tritrichomonas suis. 
The avian embryo and its extra-embryonic membranes were 
probably first utilized as culture media by the embryologists 
Rous and Murphy (I9II) and Danchakoff (I916) in their studies 
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on tTomor implantations, whereas Woodruff and Goodpasture (1931) 
and Goodpasture, Woodruff and Buddlngh (1931) utilized this 
site for the culture of viruses. 
Literature concerning the use of avian embryos in the 
study of parasitic protozoa was reviewed by Pipkin and Jensen 
(1958) and Pipkin (i960). A more extensive coverage of those 
reports dealing with the culturing of extracellular flagellates, 
primarily of trichomonads, in the extra-embryonic fluids of 
developing chicken embryos is given below. 
Nelson (1938) was first to report that extra-embryonic 
fluid of the avian embryo was a suitable culture medium for 
propagation of protozoa. Using Trichomonas foetus as her 
experimental organism, she made 14 egg-to-egg serial passages. 
In her technique, the chorio-allantoic membranes of 11- or 12-
day chick embryos were exposed by removing portions of the 
shell and shell membrane and forcing sterile air into the 
allantoic cavity to raise the chorio-allantoic membrane into 
contact with the shell. By use of a glass pipette, 1 ml of 
a 4-day T. foetus culture (L.E.B, Locke Egg Blood) was inocu­
lated into the allantoic cavity. Subcultures were made 3 or 4 
days later by drawing 1 ml of allantoic fluid from the egg 
with a glass pipette and injecting it Into the allantois of 
eggs prepared as befor'=*« Only samples of allantoic fluid 
containing abundant trichomonads were used in subculturing. 
During each 3- to 4-day period, mortality of the chick embryos 
was approximately 23^ « This consistent mortality rate 
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indicated there was no change in virulence of the protozoan 
strain during the period of 14 passages. 
Cultivation of T. foetus in allantoic fluid of developing 
chicken eggs was also reported "for the first time" by Levine, 
Brandly and Graham (1939)» In their technique, cellophane or 
cellulose tape was used to close the opening made in the shell. 
Their culture was carried through 22 egg-to-egg passages over 
a 3-month period. In preliminary studies they found eggs 
incubated for 12 days were more satisfactory for cultivation 
of trichomonads than were eggs incubated for longer or shorter 
periods, and the temperature of 37 C was superior to either 
3^ .5 C or 39 C. Their attempt at quantification of the proto­
zoan population at each subculture involved counting the 
protozoa in the field of the l6-mm microscope objective. No 
mention of the depth, consequently the volume, of these 
preparations was made; thus, the result, "a multiplication 
factor of about 30 at each transfer," is difficult to evaluate 
and any subsequent comparison of populations is questionable. 
In addition to their culturing of T. foetus in allantoic fluid, 
Levine et al. (1939) tried unsuccessfully to culture T. muris 
in this medium. 
Hogue (1939) inoculated T. foetus into the chorio­
allantoic fluid of chick embryos in an attempt to "infect 
chicks with trichomonads and eventually to obtain immune serum 
from them". A Leur syringe was used to inoculate 0,$-1.0 ml 
of rich T, foetus culture into the fluid either via a window 
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or a small hole drilled into the large end of the eg#. The 
window was covered with a glass coverslip and sealed with a 
paraffin-vasoline mixture and, when used, the hole was sealed 
with a drop of paraffin. The window technique proved more 
successful "because the embryo or its surrounding membranes were 
frequently damaged when inoculations were made through the 
small hole. 
In Hogue's work, ^  of 18 embryos inoculated between 8 and 
13 days hatched, Trichomonads were found in the yolk sac, 
esophagus, duodenum, jejunum, ileum, cloaca and gall bladder 
of one chick which had been inoculated at I3 days and autopsied 
2 days after hatching. Chick embryos inoculated when 8, 10 
and 11 days old were all negative for trichomonads at autopsy. 
Of the 14 embryos that died before hatching 2 died shortly 
after inoculation and 12 died when the embryos were I9 to 20 
days old. Eleven of these 12 embryos had trichomonads in the 
yolk sac, esophagus, stomach, intestine, cloaca and gall 
bladder. In subsequent studies, the immunity of Hogue's 
chicks to trichomonads could not be credited to the embryonic 
exposure via the allantoic inoculation because neither control 
chicks nor chicks that had been inoculated as embryos were 
susceptible to infection when challenged per rectum or os. 
Trussell and Plass (1940), studying the pathogenicity 
of T. vaginalis in various animals, inoculated this 
species of protozoan into developing chick embryos and found 
that predictable growth and consequently serial transfers were 
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not possible at that time, 
McNutt and Trussell (1941) compared the growth of T. 
foetus and T. vaginalis in chick embryonic fluids and found 
that T. foetus developed in both the allantoic and amniotic 
fluids but not in the albumeh, yolk sac, the actual embryo 
or its blood. T. vaginalis was more difficult to culture, 
although infections were established when larger amounts of 
inoculum were used. In an attempt to adapt T. vaginalis to 
in vivo culturin# in embryonic fluids, it was first grown in 
embryonic fluids over liver-infusion agar slants for several 
subcultures before being inoculated into the chorio-allantoic 
fluid of the developing embryos. To determine the age at 
which embryos were most susceptible to T. vaginalis infection, 
5- to 17-day embryos were used in attempts to cultivate the 
protozoa. Six-day embryos proved to support the best growth 
and subsequently became the age of choice, 
Geurden and Willems (1941) found T. foetus was more dif­
ficult to establish in eggs than was T. hepatlca (=T. gallinae). 
They also found as did Nelson (I938) and Hogue (1939)» but 
unlike Levine et al. (1939)» that dead embryos provided an 
adequate medium for trichomonad growth. Lysis of dead embry­
onic tissue by the protozoan was also reported. This lysis 
may have been caused by the same toxic substance discussed by 
Hogue (1938; 1942a, b; 1943a, b; 194?) and seems to resemble 
the proteolytic action on gelatin described by Florent (1947a). 
Byrne (1942), studying infection and immunology of T. 
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foetus in rabbits, cultured that protozoan in 7- to 14-day 
chick embryos in an attempt to increase their virulence; 
however, he met with little success other than obtaining 
positive growth. 
Switzer (I951)f nine years later, reported T. suis be­
came pathogenic for chick embryos following six alternate 
transfers between C.P.L.M. medium and chick chorio-allantoic 
fluid, killing the embryos in approximately 3 days. 
Additional reports of the successful culture of several 
species of trichomonads in chorio-allantoic fluid have been 
made, including those by Gelormini (1942), Rodhaim and Berghe 
(1943) and Reuss (1957) with T. foetus; Pabio (I96I) with T. 
vaginalis; Roiron and Galistin (I963) with 2» vaginalis and T. 
foetus; and Muller (1967) with T. vaginalis. T. hominis, T. 
gallinae. T. foetus and T, suis. The latter worker also cul­
tured T. tenax but could do so only in chorio-allantoic fluid 
contaminated with bacteria. 
Florent (1947b) performed three experiments in order to 
investigate the possible lysis of chick embryos by T. foetus. 
He inoculated Ï. foetus directly into the amniotic cavity of 
7-day embryos, inoculated T. foetus into previously killed 
embryos and plunged 5-day embryos into media in which T. 
foetus was flourishing. These experiments showed that no 
histolytic activity could be credited to T. foetus, whether 
inoculated in situ, or whether the embryo was plunged into 
in vitro cultures. 
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Trichomonas Kalllnarum was grown in chick embryos by 
Cable and, Hillaert (194?). Caecal contents of turkeys plus 
5000 units of penicillin per ml of inoculum were injected into 
the chorio-allantoic sac of living chick embryos. Trichomonads 
could be recovered in the chorio-allantoic fluid up until the 
time of hatching as well as from the intestine of newly hatched 
chicks. Throughout their experiments, 23 passages were made 
at intervals of 1 to 2 weeks. 
Pierce and Morgan (1950) also used chick embryos in 
attempts to cultivate T. foetus by injecting protozoa for the 
first time into the yolk sac and venous system. However, 
their most successful inoculations were made into the allantoic 
and amniotic fluids. Before inoculations were made, the pro­
tozoa were washed twice in 0,85^  saline and resuspended in a 
medium of one part 1^  tryptic digest broth and two parts saline 
to a concentration of 1.0 x 10^  organisms per ml. They found 
intra-amnion and yolk sac inoculations to be successful but 
troublesome and recommended the use of the allantois. They 
were unsuccessful in attempts to establish infections by 
intravenous injections. No lysis of embryonic membranes or 
putrefactive odors were noted in any of these experiments* 
Cultivation of Hexamita meleapridis in chick allantoic 
fluid by Hughes and Zander (195^ ) revealed another possible 
use of this culture medium. Addition of 10 mg streptomycin 
and 10 units bacitracin to the allantoic fluid simultaneously 
with a contaminated Hexamita culture resulted, for the first 
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time, in an axenic culture of this protozoan. Eight- to 12-
day embryos, inoculated at 7-day intervals via the allantoic 
sac, •were used in this work. At autopsy, H. meleaprridis was 
found in the intestine of only those embryos that had broken 
through the allantois in the process of pipping the shell and 
in young chicks through 10 days of age. The authors presumed 
that ingestion of H. laeleagridis occurred during pipping of the 
shell rather than a migration of the protozoa through the 
allantoic stalk during Incubation. 
Isfan and Dincoulesco (1962) found at autopsy both "young 
and adult" trichomonads in the amnion of chick embryos that 
had been inoculated on day 14 with Trichomonas sp. from the 
rhesus monkey intestine and examined on days 1? and 22. The 
presence of both "young and adult" trichomonads demonstrating 
characteristic trichomonad movement in the amniotic fluid in­
dicated to these authors that normal division had occurred. 
In these studies, no flagellates were revealed in either fresh 
or stained blood samples from the embryos. 
This review of investigations concerning the culture of 
trichomonads in the developing avian embryo points to the fact 
•chat the culture of a number of species has been tried in this 
natural medium, but that very little has been done as far as 
quantitative evaluation of the growth and morphological char­
acteristics of the protozoan species cultured in this medium. 
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III. METHODS AND MATERIALS 
A. Maintenance of Stock Protozoa 
Tritrichomonas suis was routinely maintained in the 
laboratory in cysteine monohydrochloride-peptone-liver infu-
sion-maltose medium (C.P.L.M.) of Johnson and Trussell (19^ 3)t 
with the following modifications: substitution of bovine for 
human serum, reduction from 20% to 10% .«serum in the culture 
medium and addition of 2500 units of crystalline penicillin 
G per ml of C.P.L.M. medium. For maintenance culture, 0.5 ml 
of heat inactivated bovine serum (56-57 C for 30 minutes) was 
added to each tube of 4.5 ml of this modified C.P.L.M, medium. 
Stock cultures, maintained at 20 C, were subcultured every ? 
to 10 days. For the first 12 to 18 hours following inocula­
tions new cultures were incubated at 35 C to insure the es­
tablishment of good populations. 
E. C.P.L.M. Medium Growth Studies 
Growth curves and generation times of T. suis grown in 
C.P.L.M. medium at 20 C, 25 C, 30 C and 35 C were determined 
by using ten cultures in tubes prepared identically with those 
for stock maintenance culture. Population means of the cul­
tures at chosen intervals of time were plotted against time to 
determine the growth curves. Generation times were determined 
by two methods. In the first, populations were plotted on 
semi-log paper and the line fit by hand was used to determine 
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the generation time during the log phase of growth and in the 
second method the equation g = -— y- of Johnson and 
3.3 log b/B 
Trussell (1944) was used where g is generation time, t is time 
in hours, b is population at time t (organisms per ml) and B 
is population at time 0 (organisms per ml). This equation 
was derived from g = . t lop 2 of Buchanan and Pulmer log b - log B 
(1928). The apparent difference between the formulae is 
merely the substitution of \ (the reciprocal of log 2) for 
3*3 
log 2 and the representation of the function involving the 
logarithms of (b) and (B) as the arithmetic function rather 
than the operational procedure of dealing with logarithms. 
Inoculum for the experimental cultures was taken from a 36-
hour culture of T. suis incubated at 35 C and diluted with 
sterile C.P.L.M. medium to a concentration of 100,000 organisms 
per ml. Approximately 10,000 organisms suspended in 0.1 ml 
of this solution were used to inoculate each of the 40 tubes 
of 5 ml C.P.L.M. medium resulting in an initial concentration 
of approximately 2,000 trichomonads per ml of medium. 
To insure thorough mixing of the cultures before samples 
were withdrawn and populations determined, tubes were inverted 
at least four times. Populations of the cultures were deter­
mined from these samples by using an AO Spencer Neubauer 
bright-line hemocytometer. 
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C. Chorlo-allantolc Fluid In Vivo Culturing 
A long-term in vivo culture experiment was designed for 
T. suis using egg-to-egg serial transfers. Fertile eggs of 
White Leghorn stock, purchased from the Veterinary Medicine 
Research Institute, Ames, Iowa, were received on the 7th day 
of incubation and incubated an additional 2 to 4 days at 37 C 
before they were used in the experiment, although windows 
were cut in the shell and shell membrane on day 8 to 10 of 
incubation. Windows approximately 1 cm square were cut in the 
shell and shell membrane with the aid of a triangular metal 
file, forceps and teasing needle and were then sealed with 
plastic tape (Scotch Brand #810). The egg's natural air 
chamber was pierced with a teasing needle by passing the 
needle through a thin spot filed in the large end of the egg. 
When the contents of the egg settled into the space of the 
natural air chamber an artificial chamber was created 
immediately over the embryo. 
The initial inoculation into the chorio-allantoic fluid 
from C.P.L.M. medium was made from a thriving culture con­
taining 3«75 X 10^  trichomonads per ml. An inoculum of 75,000 
organisms was delivered in 0.02 ml of C.P.L.M. medium with a 
0,25-ml glass syringe graduated in hundredths to each of the 
four eggs of the initial set. Subculture inoculations in this 
experiment were made into the chorio-allantoic fluid of the 
developing embryos of subsequent sets in amounts varying from 
16 
3^ »000 to 100,000 organisms suspended in 0.1-0.5 ml of chorio­
allantoic fluid. These samples of chorio-allantoic fluid 
were usually taken from the egg in the previous set which 
had supported the best population and had remained axenic. 
The total period of ^  vivo culturing of T, suis in the chorio­
allantoic fluid was 19 days. During that period, four sets 
comprised of four eggs each were used. These included the 
set which received the original inoculation from C.P.L.M, 
medium and the three sets subsequently used for serial egg-
to-egg transfers. 
To determine whether permanent morphological changes had 
developed through selection during 15 or 19 days of ^  vivo 
culturing, chorio-allantoic fluid thriving with trichomonads 
was removed at these times and used to inoculate tubes of 
C.P.L.M. medium. The tubes inoculated with trichomonads follow­
ing 15 days of vivo culturing were incubated for 48 hours at 
37 C followed by an additional incubation period of 48 hours at 
20 C; the C.P.L.M. tubes inoculated with trichomonads after 19 
days of ^  vivo culturing were incubated for 72 hours at 37 C. 
Stained slides of trichomonads used for gross morphologi­
cal comparisons were prepared from the inoculum and from each 
subculture during the experiment, as well as from samples 
taken after the periods of culturing in C,P:L,M, medium. 
Twenty-four-hour ^  vivo growth curves of T, suis cultured 
in the chorio-allantoic fluid of 9-t 10-, 11-, 12- and 13-
day chick embryos were determined. Seven-day embryos were 
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incubated at 37 C for 2, 3» 4, 5 or 6 days, respectively, to 
obtain these aged embryos. In each case, when the embryos 
wero 8 days old, a window was cut in the shell and shell mem­
brane as before. 
Duplicate trials of an experiment using 325»000 tri-
chomonads as the inoculation number were made with the total 
number of eggs used per age varying from 13 to 21, i.e., 
being 13$ 18, 17, 16 and 21 for the 9-, 10-, 11-, 12- and 
13-day embryos, respectively. Two additional experiments were 
performed to determine if the inoculation number had an effect 
on the resultant growth characteristics. Eleven 9-day embryos 
were inoculated with 150,000 trichomonads and 10-, 11-, 12- and 
13-day embryos (10 to 12 in each age group) were inoculated 
with 600,000 organisms. In each experiment the inoculum was 
delivered in 0.1 ml C.P.L.M. medium with a 0.5-ml Leur syringe 
(graduated in hundredths ml) equipped with a 1,5-inch, 23-
gauge needle. It was anticipated that this small volume 
of CcPrLîMs medium would have a negligible effect on the 
overall composition of the chorio-allantoic fluid. 
During the experiment a sample of chorio-allantoic fluid 
from each egg was taken every 2 or 4 hours for a 24-hour 
"oeriod, and the trichomonad population was determined as 
before. Samples were withdrawn from the eggs with a 2.0-ml 
Leur syringe equipped as above, and only enough fluid was 
withdrawn to fill the needle at each sampling period. This 
sampling followed the rotation of the eggs from end to end in 
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an attempt to distribute the protozoa evenly in the chorio­
allantoic fluid. 
Smears used for morphological studies were prepared of 
the original inoculum and following 14 and 24 hours of 3^  vivo 
culturing. Smears were stained with Heidenhain's iron hema­
toxylin following Schaudinn's fixative, and with a protein 
silver technique modified after Bodian (1937) and Moskowitz 
(1950). 
Following one of the 24-hour vivo growth studies 
(9-day embryos and with an initial inoculum of 150,000 tri-
chomonads), 0.4 ml of chorio-allantoic fluid containing 
approximately 180,000 protozoa were inoculated into a tube 
containing 5 ml of C.P.L.M. medium and inoculated at 35 C 
for 4 days. In this case, slides were prepared for morpho­
logical studies of the inoculum (24-hour ^  vivo culture) of 
samples collected following 24, 48 and 72 hours of incubation 
in C.P.L.M. medium. At these sampling periods, plus one at 
96 hours, the population was calculated as before and the 
growth curve of this single culture determined. 
D. Chorio-allantoic Fluid In Vitro Culturing 
In a preliminary attempt to determine the optimum con­
dition for in vitro culturing of T* suis in chorio-allantoic 
fluid, an experiment was devised to incorporate the ages of 
embryos used (9-, 10-, 11-, 12- and 13-day) with the tempera­
ture of Incubation (20 C, 25 C, 30 C and 35 C). 
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Chorio-allantoic fluid from 9 dozen epçgs of the various 
ages was aseptically withdrawn and stored separately in 
sterile rubber capped flasks. From these flasks the fluid 
was transferred with a sterile $-ml syringe equipped with a 
3.5-inch needle to test tubes in 5-nil amounts. Because of 
the small volumes of fluid collected from the 9-t 10- and 
11-day embryos only one tube for each of the temperatures could 
be prepared.; however, three tubes of fluid for each temperature 
were prepared from the 12- and 13-day embryos. Inoculation of 
each tube was made with 1000 organisms suspended in 0.1 ml 
C.P.L.M. medium prepared by diluting a 36-hour culture incu­
bated at 35 C with sterile medium. 
Cultures in this experiment were Incubated for 7 days 
with no appreciable growth in any of the tubes which indicated 
that the Inoculation number might have been too low for 
initiation of actively growing cultures. With this in mind, a 
preliminary study to determine a suitable number of tri-
chomonads to be used as the inoculum for m vitro studies was 
made by inoculating a series of tubes of chorio-allantoic 
fluid with a varying number of trichomonads and incubating 
the tubes at 35 C. The numbers of protozoa used as inocula 
were 400,000; 100,000; 30,000 and 10,000 resulting in concen­
trations of 80,000; 20,000; 6,000 and 2,000 trichomonads, 
respectively, per ml of chorio-allantoic fluid. Populations 
were determined every 24 hours following an initial 12-hour 
reading. In this and subsequent vitro experiments the 
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chorio-allantoic fluid was prepared by using the following 
procedure. The chorio-allantoic fluid of eggs incubated 13 
days was drawn by mouth aspiration into a length of 3/16-inch 
rubber tubing and pooled in a rubber stoppered Erlenmeyer 
flask. The tube was equipped with a 2-inch, 19-gauge needle 
and a cotton stoppered mouth piece. Sterilization of the 
fluid was accomplished by passing it through a 0,1-u Seitz 
filter into a sterile Erlenmeyer flask. This sterile chorio­
allantoic fluid was dispensed with a $-ml Leur syringe equipped 
with a 3*5-inch, 15-gauge needle in 3»9 ml or 4.9 ml amounts 
into screw cap test tubes (16 x 150 mm). One tube was incu­
bated 4-8 hours at 35 C to check for bacterial contamination. 
To determine the optimum temperature at which chorio­
allantoic fluid would support the growth of T. suis, 24-hour 
in vitro culture experiments at 25 C, 30 C and 36 C were under­
taken, The inocula for these experiments, consisting of 
150,000 organisms prepared as described before, were injected 
into 27 tubes, each of which contained 3»9 ml of chorio­
allantoic fluid. These 2? tubes were divided "randomly" into 
three equal groups and incubated at the experimental 
temperatures. 
The population of protozoa was determined, after thorough 
agitation of the culture fluid, with the aid of a hemocy-
tometer 1, 5» 9, 13, 17, 21 and 24 hours following inoculation. 
Following the 24-hour vitro growth studies, a long-term 
chorio-allantoic fluid ^  vitro growth experiment was initiated. 
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Fluid was dispensed into I5 tubes containing 3*9 ml of fluid 
each, after being prepared as described above, and of these 
tubes eight were Incubated at 30 C and seven tubes were incu­
bated at 36 C. Inoculum for the long-term ^  vitro experiment 
was prepared as in the 24-hour incubation period, samples were 
taken from each tube and the populations determined as before, 
except at 12-hour intervals. This process continued until 
the cultures died. 
Stained slides of the inoculum and from both the JO C and 
36 C cultures after 4 and 6 days of growth were prepared for 
use in morphological studies. 
Sterile tubes of C.P.L.M. medium incubated at 30 C and 
36 C were inoculated with material from their respective 
temperature 5^  vitro cultures on the sixth day of the growth 
cycle. These tubes were returned to their respective incuba­
tion temperatures for 6 days. Stained slides of this material 
were prepared after 3 and 6 days of growth in the C.P.L.M. 
medium. 
E. Histological Techniques 
Stained specimens were prepared for morphological studies 
using Heidenhain's iron hematoxylin following fixation with 
Schaudinn's fluid and with a modified protein silver stain of 
Bodian (1937) and Moskowitz (1950) following Bouin's fixation. 
Hematoxylin was used primarily to show gross body dimensions 
and nuclear detail while protein silver was used to demonstrate 
22 
the argyrophilic mastigont structures such as flagella, 
undulating membrane, axostyle, costa and parabasal body. 
Clara (1957) suggests the use of the term "argyrophilic" for 
the description of this type of organelle rather than the more 
commonly used hybrid term "argentophilic". 
Duplicate sets of slides were prepared from each experi­
ment and treated with these two stains. The protein silver 
procedure was particularly harsh, resulting in the loss of a 
large percentage of those protozoa adherjjig to the cover slips. 
This fact made it necessary to have large numbers of protozoa 
preserved on the cover slips before the staining procedure 
began. Those organisms suspended in chorio-allantoic fluid 
would not adhere to the cover slips in large numbers as was 
exemplified in the long-term vivo preparation, until the pro­
cedure was modified during the 24-hour vivo growth studies. 
This modification involved liphtly coating the cover slips with 
sterile C.P.L.M. medium before the drop of chorio-allantoic 
fluid was smeared on the slip and fixed in either Bouin's or 
Schaudinn's fixative. This successful treatment followed 
failures involving the application to the slide of bovine 
serum, Haupt's gelatine adhesive and Mayer's albumen. 
The modified protein silver staining procedure used in 
this study is given in the following outline. 
1. Cover slips were smeared with medium containing 
protozoa, inverted and placed smeared side down 
on Bouin's fixative, 10 minutes. 
2. 50% alcohol, 15 minutes. 
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3# 50^  alcohol, 30 minutes. 
4. 70^  alcohol, 30 minutes. 
(Can be stored indefinitely at this point) 
5« 5^ % alcohol, 1-5 minutes, 
6. 30^  alcohol, 1-5 minutes, 
7. 10^  alcohol, 1-5 minutes. 
8. Distilled water, 1-5 minutes. 
9. Bleach in 0,25% potassium permanganate, 2 minutes. 
10. Distilled water, 3 changes, 1 minute each. 
11. 5% oxalic acid, 2 minutes. 
12. Distilled water, 3 changes, 1 minute each. 
13. Impregnate smears in protein silver solution at 
35 C, 36 hours. 
14. Distilled water, 1 minute. 
15. Reduce silver with 0.75# hydroquinone in 5^  
sodium sulfite, 5-IO seconds. 
16. Distilled water, 2 changes, 1 minute each. 
17. 0,25# gold chloride, 2 seconds. 
18. Distilled water, 1 minute. 
19. 2.% oxalic acid, 2 minutes. 
20. Distilled water, 3 changes, 1 minute each. 
21. sodium thiosulfate, 8 minutes. 
22. Wash, running tap water, 3O-6O minutes. 
23. Dehydrate, clear with xylene, and mount in 
Permount synthetic resin. 
The protein silver impregnation solution was prepared by 
dissolving 0.9 g gelatin (Difco Bacto-Gelatin) in 100 ml hot 
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distilled water. After the gelatin solution was heated to 
70 C, 0,1 g silver nitrate was added and allowed to dissolve. 
This hot solution was poured into 10-ml Columbia staining 
dishes to which 2 drops 1.0 N sodium hydroxide had been added. 
The solution was mixed with a toothpick or wooden applicator 
stick to ensure even distribution of the base and the silver 
solution. The hydrated protozoan smears were transferred to 
the staining dishes while the solution was still hot and 
incubated in the dark for 36 hours at 35 C. 
Reduction of the impregnated silver was accomplished with 
hydroquinone. To 100 ml of 5^  aqueous sodium sulfite 0.75 g 
hydroquinone were added and allowed to dissolve. The solu­
tion was always prepared within 24 hours of its use. 
If excessive silver solution, which was at times thick 
and sticky, adhered to the cover slips, its removal was most 
easily accomplished during the final stages of dehydration by 
carefully wiping with a Kimwipe or tissue. 
In all cases protozoa selected to be measured were indi­
viduals with single mastigont systems. When length and width 
measurements were taken, the former included the longitudinal 
axis exclusive of the axostylar projection beyond the body 
proper. Width was measured at the widest portion of the 
organism exclusive of the height of the undulating membrane. 
Measurements presented in the text are given in microns as the 
mean - S S and in the tables these figures are accompanied by 
the number of observations of organisms actually measured. 
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IV. RESULTS 
A. C.P.L.M. Medium Growth Studies 
T. suis was cultured in C.P.L.M. medium at the experi­
mental temperatures of 20 C, 25 C, 30 C and 35 C; all tem­
peratures supported active growth except 20 C. In the present 
study, T. suis reached maximum numbers in the 25 C, 30 C and 
35 C cultures on day 11.5, and of the growth cycles, re­
spectively, These maxima ^ ere 2.58 x 10^ , 3»9^  x 10^  and 
4,08 X 10^  organisms per ml of culture medium. Measurable 
populations were recorded from all culture tubes maintained 
at 25 C, 30 C and 35 C after I6, 8 and 7 days, respectively. 
When the numbers of organisms were plotted against time 
(Graph 1) there appeared to be lag phases of 1 day for the 
30 C and 35 C cultures and 2 days for the 25 C cultures. How­
ever, when the populations were plotted on a logarithmic 
scale, straight line curves were determined (Graph 2), When 
these lines were extrapolated back from day one to day zero, 
the theoretical concentration of 2000 trichomonads per ml 
following inoculation was approached. 
The minimal generation times calculated from these cul­
tures with the formula of Johnson and Trussell (1944) were 
16.3 hours, 6il hours and 5-^  hours (Table 1) during the 
intervals 6-6,5, 1-2 and 1-2 days, respectively. Irregu­
larities of growth, and probably of more importance, sampling 
and counting, are minimized by using the slope of the line 
5,0 — 
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Graph 1. Population growth curves of T. suis in C.P.L.M. medium 
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Graph 2. Log scale population growth curves of T. suis in 
C.P.L.M. medium 
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Table Generation times of T. suis in C.P.L.M. medium 
Cells per ml x 10^  
Temp. Beginning 
Interval 
(days) Ending 
Generation 
time 
(hours) 
25 C 
30 C 
35 C 
5 
13 
27 
65 
172 
250 
39^  
569 
707 
937 
15 
23? 
1790 
24 
434 
3173 
0-1 
1-2 
2-3 
3-4 
4-5 
5-5.5 
5*5-6 
6-6,5 
6.5-7 
7-7.5 
7 • 5-8 
0-1 
1-2 
2-3 
3-4 
0-1 
1-2 
2-3 
3-4 
5 
13 
27 
65 
172 
250 
394 
569 
707 
937 
1210 
15 
237 
1'790 
3935 
24 
434 
3173 
4075 
17.1 
22.9 
19.4 
17.3 
22.4 
27.4 
16,3 
38.0 
29.7 
32.7 
6.1 
8 : 2  
21.2 
5.6 
8:4 
38.2 
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Table 2. Generation times of T, suis in 24-hour chorio­
allantoic fluid in vitro culture 
Cells oer ml x 103 Generation 
time 
(hours) Temp. Beginning 
Interval 
(hours) Ending 
30 C — —  0-1 35 — 
35 1-5 43 13.5 
43 5-9 49 21.2 
49 9-13 53 35.7 
53 13-17 56 50.7 
36 G — — 0-1 41 
41 1-5 48 11.2 
48 5-9 53 27.6 
53 9-13 68 11.1 
68 13-17 74 31.0 
74 17-21 93 12.2 
93 21-24 103 21.1 
determined by the logarithms of the population plotted against 
time (Graph 2). By this method, the generation times or 
doubling times were found to be 18.6, 6,6 and 6,1 hours for the 
respective temperatures of 23 G, jO C and 35 G, 
Following the peak populations, the decrease in numbers 
of the 35 C cultures followed closely a log death rate 
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Table 3* Generation times of T. suis in chorio-allantoic 
fluid long-term xn vitro culture 
Temp. 
Cells per ml x 10^  
Beginning 
Interval 
(days) Ending 
Generation 
time 
(hours) 
30 C 
69 
107 
120 
171 
227 
320 
437 
575 
666 
867 
0-1 
1-1.5 
1,5-2 
2-2.5 
2.5-3 
3-3.5 
3.5-4 
4-4.5 
4.5-5 
5-5*5 
5* 5-6 
69 
107 
120 
171 
227 
320 
437 
575 
666 
867 
906 
19.2 
72.8 
24.2 
29.6 
24.4 
26.9 
30.5 
57.1 
31.6 
181.8 
36 C 
96 
159 
273 
485 
720 
939 
0-1 
1—1.5 
1.5-2 
2-2.5 
2.5-3 
3-3.5 
3.5-4 
96 
159 
273 
485 
720 
939 
1154 
30.5 
15.8 
14.8 
21.3 
31.6 
29.6 
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described by Buchanan and Fulmer (I928), the rapid decrease 
of Johnson (19^ 2) and the accelerated decrease of Buttrey 
(i960), whereas, the 25 C and 30 C cultures plotted similarly 
fit a straight line less tightly (Graph 3). 
B. Chorio-allantoic Fluid In Vivo Studies 
1, Long-term growth and morphology 
T. suis cultured in C.P.L.M, medium was inoculated into 
the chorio-allantoic fluid of developing chick embryos and 
survived a series of 3^  vivo subcultures for 19 days during 
which time four sets of 9- to 11-day embryos were utilized. 
The logistics and problems involved with the staging of the 
fertile eggs and incubation of embryos were the major factors 
leading to the termination of long-term m vivo cultures. 
Indications were that T. suis could have been cultured for an 
extended period with the use of these techniques and unlimited 
supplies as was shown by Reuss (1957) who passed T. foetus 
through 100 passages and Cable and Hillaert (19^ 7) who made 23 
passages from egg-to-egg while working with T. gallinarum from 
the turkey. 
In the present study four consecutive intervals of ^  vivo 
culturing, which together made the 19-day period, were 6, 5t 
4 and k days in lengths Protozoan concentration in the chorio­
allantoic fluid of the eggs in each set was determined by 
duplicate hemocytometer counts at the termination of each in­
terval. The maximum numbers recorded at the end of each 
Graph 3« Log scale death of population growth curves of 
T. suis in C.P.L.M. medium. 25 C to be used with 
the upper abscissa 
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period were 750»000 per ml, 344,000 per ml, 200,000 per ml 
and 700,000 per ml, respectively. When compared with the 
number of protozoa in the initial inoculum, these populations 
represented increases of approximately 45, 45, 35 and 85 fold 
during the respective culturin# periods. These increases were 
calculated from the numbers of protozoa present at the initia­
tion of the period (the inoculation number) and the adjusted 
total at the termination of the period. The adjusted total was 
based on the concentration derived by actual count and was cor­
related with the theoretical volume of chorio-allantoic fluid 
of the various acred chick embryos reported by Romanoff (I967). 
Prom these data it was obvious that multiplication had 
occurred at a substantial rate. However, the results did not 
lend themselves to careful statistical analysis because of the 
high degree of variability seen between eggs within a group 
and between the individuals of the different groups. This 
variability could have been caused by differences in the ages 
of the embryos used, differences in Incubation periods, dif­
ferences in inoculation numbers in relation to the volume of 
the chorio-allantoic fluid or uneven distribution of protozoa 
In this fluid. 
Gross morphology of the protozoa was examined and mea­
surements made from hematoxylin stained slides prepared at 
each subculture and after periods of C.P.L.M. medium cultur-
ing. Pollowinp- the Initial 6-day ^  vivo period of culturinr 
in which the length remained essentially equal, being 
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11.74 - 0.18 u at 0 days compared to 11.75 - 0.22 u after 6 
days, there was a steady decrease In length to 11.49 0.26 u 
after 11 days, 11.23 - 0.20 u after 15 days and 10.48 - 0.25 % 
after 19 days of m vivo culturing. The width decreased 
steadily from an initial 6.13 - 0.l6 u to 4.52 - 0.16 u after 
15 days. However, during the last 4-day period of vivo 
culturing there was an increase in width of the trichomonads 
to 5.37 i 0,22 u (Table 4). 
Size of the nuclei increased from 3*40 - 0,13 u by 
2.22 - 0.02 u in the organisms of the inoculum to 4.44 - 0.11 u 
by 3«10 - 0.11 u after 6 days of ^  vivo culturing. This 
initial increase was followed by a steady decrease to 3*70 -
O0I3 u by 2.43 - 0,13 u after I9 days. The reader should 
note that no nuclear measurements were recorded for those 
organisms which were incubated for I5 days in chorio­
allantoic fluid vivo. This resulted from a set of slides 
in which there was an extremely low number of poorly stained 
protozoa (Table 4), 
2. 24-hour growth and morphology 
Tritrichomonas suis was grown in the chorio-allantoic 
fluid of 9-t 10-p 11-, 12- and 13-day chick embryos to de­
termine if one or more of the ages would prove to be superior 
to the others. Also to be determined in this experiment was 
whether significant differences in morphology and growth 
characteristics could be discerned between these protozoa and 
Table 4, Measurements^  of T. suis in chick chorio-allantoic fluid ^  vivo for 6, 
11, 15 and 19 days followed by a return to C.P.L.M. medium after 15 and 
19 days 
Days Ijn vivo Nucleus Nucleus 
culturing Length Width length width 
0 days 11.74 t 0.18 
(25) 
6.13 - 0.16 
(25) 
3.40 i 0, 
(20) 
13 2.22 i 0.02 
(20) 
6 days 11.75 - 0.22 
(20) 
5.91 - 0.22 
(20) 
4.44 - 0. 
(20) 
11 3.10 i 0.11 
(20) 
11 days 11.49 ± 0.26 
(15) 
4.92 ± 0.25 
(15) 
3.75 ± 0. 
(15) 
15 2.58 i 0.16 
(15) 
15 days 11.23 - 0,20 
(26) 
4.52 ± 0.16 
(25) 
t b 
19 days 10.48 ± 0.25 
(25) 
5.37 - 0.22 
(25) 
3.70 i 0. 
(25) 
13 2.43 ' 0.13 
(25) 
*Mean standard error? observations in ( ). 
o^ measurement taken. 
Table 4, (Continued) 
Days ^  vivo Nucleus Nucleus 
culturlng " Length Width length width 
15 days plus . . . . 
48 hours 11.10 ± 0.04 6.O5 ^ 0.12 3.70 ± 0.2? 2.38 ± 0.30 
CPLM-37 C (80) (80) (20) (20) 
15 days plus  ^  ^ . 
48 hours 10.66 ± 0.35 5.71 ± 0.35 3.02 ± 0.27 1.98 ± O.16 
CPLM-37 C (20) (20) (20) (20) 
plus 
48 hours 
CPLM-20 C 
19 days plus 
72 hours 11.10 ± 0.77 6.04 ± 0.27 3.74 ± 0.66 2.39 ^  0.61 
CPLM-37 C (15) (15) (15) (15) 
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those cultured in C.P.L.M, aediim. 
Results of the 24-hour vivo growth experiment in which 
approximately 325*000 trichomonads were inoculated into the 
allantois of 9-, 10-, 11-, 12- and 13-day embryos are shown 
as growth curves (Graph 4). Although samples were withdrawn 
every 2 hours and the populations determined, the data, for 
clarity of presentation, are given over 4-hour intervals, 
following an initial 2-hour incubation period. The trichomonad 
concentration at each sampling period was based on the actual 
count (trichomonads per ml) multiplied by a conversion factor 
for each sampling period to compensate for the changing volume 
due to normal maturation of the embryo and to sample removal. 
It appeared that during this 24-hour period of m vivo cultur-
ing, 9- and 11-day embryos supported populations that rose 
more rapidly and attained greater numbers than those cultured 
in 10-, 12- and 13-day embryos. Peak populations in the 9-
and 11-day embryos of nearly 800,000 and 700,000 organisms per 
ml, respectively, were recorded, while the next highest popu­
lations were determined to be just under 450,000 trichomonads 
per ml (13-day), 350,000 per ml (12-day) and just over 300,000 
per ml (10-day). Embryos with the highest concentration of 
trichomonads in the chorio-allantoic fluid following inocula­
tion seemed to support the highest populations during this 
24-hour experiment. 
Two additional experiments were run to determine if a 
difference in inoculation number rather than embryo age was 
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Graph 4, Population growth curves of T# suis initiated with 325»000 and 150,000 
organisms in chorio-allantoic fluid of various aged chick embryos 
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the major factor behind the apparent superiority of 9- and 
11-day embryos in supporting trichomonad groMth. The popula­
tion data for these two experiments were taken every 4 hours 
following an Initial 2-hour incubation period. The growth 
curve of the first experiment which represents 9-day embryos 
with an inoculation number of 150,000 trichomonads incubated 
for 24 hours is shown in Graph 4. The peak population concen­
tration for this experiment was just under 200,000 organisms 
per ml after the 24 hours of incubation and represented an 
increase from the initial concentration of approximately 50,000 
organisms per ml. The curve lies parallel, although lower on 
the scale, to the curves representing the populations deter­
mined in the 10-, 12- and 13-day embryos inoculated with 
325,000 organisms in the original ^  vivo experiment. 
In the second experiment 600,000 trichomonads were inocu­
lated into the chorio-allantoic fluid of 10-, 11-, 12- and 
13-d.ay embryos and incubated for 24 hours. The growth curves 
resulting from this study are shown in Graph 5* The four 
curves followed approximately parallel lines, which indicated 
that the growth characteristics of the trichomonads cultured 
in different aged embryos were similar. However, as was in­
dicated earlier, the inoculation number appeared to have an 
effect on the rate of growth and total population attained 
during 24 hours of vivo incubation. In this experiment 
the final concentrations attained ranged from 450,000 
trichomonads per ml in the 11-day embryos to over 700,000 
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Graph 5* Population growth curves of T. suis initiated with 600,000 organisms 
In chorlo-allantoic fluid of various aged chick embryos 
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per ml in the 12-day embryos. Morphological comparisons in 
this experiment were based upon slides prepared from the 
initial C.P.L.M. medium inoculum and from slides smeared 
•with organisms which had been incubated 14 and 24 hours in 
chorio-allantoic fluid. Those parameters used as diagnostic 
characteristics for the morphological studies were the 
following: body length and width, nuclear length and width, 
height of undulating membrane, length and width of the 
parabasal body, axostylar projection and length of the three 
anterior flagella. These data are given in Table 5 as the 
mean plus or minus the standard error with the number of 
measured observations indicated below each entry. 
Organisms from the inoculum (0-hour 3m vivo) were 
characteristically elongate (Figures 8, 1$, Appendix) to 
pyriform (Figures 5t 6, 7, 12, Appendix). The length and width 
exclusive of the axostylar projection and the height of the 
undulating membrane, respectively, were 11.96 ^  0.09 u and 
5.42 - 0.06 u as measured from 130 organisms. 
The nucleus was usually a uniform oval structure mea­
suring 3.28 - 0.06 u by 2.14 - 0.04 u. It normally was lo­
cated in the anterior 1/3 to 1/2 of the organism, lying be­
tween the axostyle and parabasal body (Figures 2, 5» 10» 12, 
13» Appendix). The endcscme when seen in specimens stained 
with hematoxylin usually was found in the central to posterior 
portion of the nucleus and at times was surrounded by a lighter 
zone or halo (Figures 4, 12, Appendix). 
Table 5. Measurements of T. suis cultured in chorio-allantoic fluid 
in vivo of various aged check embryos 
Age Length Width 
Nucleus 
length 
Nucleus 
width 
0-hour 
Controls 
11.96 !• 0.09 
(130) 
5.42 t 0.06 
(130) 
3.28 ± 0.06 
(69) 
2.14 Ï 0.04 
(69) 
9-day 
14-hour 
9-day 
24-hour 
10.01 ^  0.15 
(40) 
10.09 - 0.15 
(40) 
4.27 Î 0.10 
(40) 
4.78 ^  0.12 
(40) 
3.24 % 0.10 
(20) 
3.00 t 0.10 
(20) 
2.09 t 0.07 
(20) 
2.21 t 0.07 
(20) 
10-day 
14-hour 
10-day 
24-hour 
10.92 t 0.15 
(40) 
10.14 ± 0.15 
(40) 
4.02 t 0.10 
(40) 
4.16 ± 0.10 
(40) 
3.17 t 0.10 
(20) 
3.29 t 0.10 
(20) 
2.09 t 0.07 
(20) 
2.18 t 0.07 
(20) 
11-day 
14-hour 
11-day 
24-hour 
11.06 t 0.18 
(30) 
11.04 ± 0.18 
(30) 
4.49 t 0.12 
(30) 
4.53 t 0.12 
(30) 
3.30 t 0.15 
(9) 
3.12 ± 0.19 
(6) 
1.55 z 0.11 
(9) 
1.84 t 0.13 
(6) 
12-day 
14-hour 
12-day 
24-hour 
9.70 ± 0.17 
(34) 
9.88 ± 0.15 
(40) 
4.31 % 0.11 
(34) 
4.21 t 0.10 
(40) 
3.28 t 0.10 
(19) 
3.22 ± 0.10 
(20) 
2.25 t 0.08 
(19) 
2.09 t 0.07 
(20) 
13-day 
14-hour 
13-day 
24-hour 
11.10 ± 0.15 
(40) 
10.67 t 0.18 
(30) 
4.40 t 0.10 
(40) 
4.05 t 0.12 
(30) 
3.39 ± 0.11 
(16) 
3.26 t 0.11 
(15) 
2.19 t 0.08 
(16) 
1.73 t 0.09 
(15) 
3l  ^
Mean - standard error; observations in ( ). 
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Parabasal 
body 
length 
Parabasal 
body 
width 
Axostylar 
projaction 
Undulating 
membrane 
height 
3.31 t 0.06 0.49 t 0.01 1.93 t 0.08 1.20 t 0.04 
(51) (51) (45) (43) 
3.28 t 0.10 0.48 t 0.02 1.55 0.12 1.06 t 0.05 
(18) (18) (18) (23) 
3.25 - 0.12 0.48 t 0.03 2.14 t 0.12 1.06 t 0.05 
(13) (13) (20) (19) 
3.81 - 0.11 0.60 t 0.02 2.05 t 0.13 1.03 t 0.08 
(16) (16) (15) (7) 
3.44 - 0.11 0.51 t 0.02 1.71 t 0.14 1.10 t 0.08 
(17) (17) (14) (7) 
3.20 - 0.18 0.48 t 0.04 2.04 t 0.26 1.20 t 0.15 
(6) (6) (4) (2) 
3.19 t 0.11 0.51 0.02 1.84 t 0.15 0.96 ± 0.09 
(17) (17) (12) (6) 
3.09 - 0.12 0.48 ± 0.03 1.68 t 0.37 0.96 - 0.07 
(14) (14) (2) (9) 
2.93 t 0.15 0.48 t 0.03 1.80 t 0.15 0.96 t 0.06 
(9) (9) (12) (12) 
3.26 t 0.11 0.48 t 0.02 1,81 t 0.13 1.04 t 0.05 
(15) (15) (17) (17) 
2.88 t 0.18 0.56 t 0.04 1.54 ± 0.16 1.20 t 0.09 
(6) (6) (10) (6) 
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Coursing obliquely from left to right across the dorsal 
surface of the organism in a slightly counterclockwise spiral 
were the costa and undulating membrane (Figures 2, 3» 16, 
Appendix). Often seen in close association with the costa 
were subcostal granules (Figures 1, 8, Appendix). The undulat­
ing membrane was bordered by the recurrent flagellum (Figures 
5, 6, 11, Appendix); however, the accessory filament described 
by Buttrey (195^ ) from a nasal trichomonad of swine was not 
seen in these specimens. These structures originated at the 
blepharoplast complex at the anterior end of the organism 
(Figures 3» 6, Appendix) and terminated near the point of 
emergence of the axostylar projection. 
The mean maximum height of the undulating membrane as 
measured from the underlying costa or the border of the 
organism to the distal border of the membrane was 1.20 - 0.04 u. 
Normally, the undulating membrane had three to five gentle 
undulations (Figures 3» 5t 6, Appendix), although at times 
secondary folds or kinks in the recurrent flagellum were seen 
which then presumably threw the membrane into additional folds 
(Figures 4, 9, Appendix). 
Three anterior flagella of unequal length were visible 
with both staining procedures; however, terminal enlargements 
or bulbs on the flagella were seen only on those specimens 
stained with protein silver (Figures 2, 5» 7» 8, Appendix). 
These anterior flagella all emerged from the anterior portion 
of the body some distance from the actual tip of the organism 
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(Figures 3» 7» 16, Appendix)# Only rarely were non-dividing 
individuals seen with supernumerary anterior flagella (Figure 
16, Appendix). Flagella of those organisms in which all 
three were visible, measurable and terminating in these en­
largements were found to be 12.6$ i 0,^ 3 u, 11.00 - 0.42 u 
and 9.17 ^  0.35 u long. These rigid restrictions were neces­
sary to insure measurement of only those flagella of full 
length so that meaningful comparisons could be made between 
respective flagella of organisms subjected to different condi­
tions of culture. 
The parabasal body was observed in those specimens stained 
with the protein silver technique. This organelle, which has 
been likened to the Golgi-complex, is of the Janicki-type. The 
single slender elongate body lies dorsal to and usually 
parallel to the long axis of the nucleus (Figures 5t 12, 13» 
Appendix), although frequently it was seen at a slight angle 
to the nucleus (Figures 2, 15» 16, Appendix). Often the para­
basal body is curved slightly so that it resembles the the 
clavicle of man (Figures 10, 11, Appendix) or the shape of a J 
(Figures 2, 6, 8, Appendix). The nucleus is occasionally seen 
lying on the inner curvature of the parabasal body (Figures 5» 
10, Appendix); however, the nucleus is not normally stained 
with the protein silver technique- In those cases in which 
the nucleus did not stain, only the parabasal body was seen 
(Figures 6, 8, 9, 11, Appendix), 
Specimens prepared from this study did not demonstrate 
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a distinct and clearly visible capitulum at the anterior end 
of the axostyle as was described by Hibler et al. (i960). 
However, the trunk of the axostyle was unifonn in diameter 
throughout its length which agreed with the earlier observa­
tions of these investigators. Neither the pelta nor the 
preblepharoplastic portion of the axostylar capitulum of 
Samuels (1957) was seen in this study. 
The conical tip and filament of the axostyle usually 
terminated well beyond the body proper in those cells that 
were fixed in Bouin's fluid and impregnated with protein silver 
(Figures 9, 11, 12, Appendix). With Schaudinn's fixative and 
hematoxylin staining, the tip of the axostyle did not project 
appreciably beyond the flagellate*s body (Figures 1, 4, 
Appendix), and the filament was rarely seen. 
Length and width of the organisms showed significant 
variation when they were correlated with the following vari­
ables; age of the embryo used, ^  vivo incubation period, and 
the age-incubation period interaction (Table 5)* However, a 
pattern could be established only when these characteristics 
were plotted against the jji vivo incubation period (Table 6). 
A comparison of the lengths and widths of these organisms 
when correlated with the incubation period revealed a pattern 
of decreases after 14 and 24 hours of incubation- Length of 
the organisms, which did not vary an appreciable amount due to 
fixation and staining, decreased from 11.96 - O.O9 u to 
10.56 - O0O7 u after 14 hours and 10.37 - 0,07 u after 24 hours; 
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Table 6, Combined measurements^  of T. suis cultures in 
chorio-allantolc fluid ^  vivo of 9-, 10-, 11-, 
12- and 13-day chick embryos 
Characteristic 0 hour 14 hours 24 hours 
Length 11.96 ± 0.09 
(130) 
10.56 ± 0.07 
(184) 
10.37 i 0.0? 
(180) 
Width 5,42 - 0.06 
(I30) 
4.30 - 0.05 
(184) 
4.35 - 0.05 
(180) 
Nucleus 
length 
3.28 ± 0.06 
(69) 
3.28 i 0.05 
(84) 
3.28 i 0.06 
(81) 
Nucleus 
width 
2.14 i 0.04 
(69) 
2.03 - 0.04 
(84) 
2.01 i 0.04 
(81) 
Parabasal 
body lenpth 
3.31 - 0.06 
(51) 
3.33 - 0.06 
(69) 
3.14 t 0.06 
(62) 
Parabasal 
body width 
0,49 - 0.01 
(51) 
0,50 — 0,01 
(69) 
0.51 - 0.01 
(62) 
A'-ostylar 
projection 
1.93 - 0.08 
(45) 
1.82 i 0,10 
(56) 
1.81 i 0.06 
(68) 
Undulating 
membrane 
height 
1.20 ± 0.04 
(43) 
1.05 - 0,04 
(58) 
1.05 - 0.03 
(50) 
Anterior flagella 
1 12,65 - 0.43 
(24) 
__b 12.35 - 0.43 
(29) 
2 11.00 ± 0.42 
(24) 
__b 9.68 i 0.42 
(29) 
3 9.17 - 0.35 
(24) 
__b 7.72 i 0.35 
(29) 
&Mean ± standard error? observations in ( ). 
measurement taken. 
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the width decreased from 5*^ 2 - 0,06 u to 4,30 - 0.05 u after 
14 hours and then increased slightly to 4,35 - 0,05 ^  after 
24 hours of in vivo culturing. 
Nuclear measurements were relatively constant regardless 
of the correlation made with the above variables (Table 5)* 
Both length and width of the nuclei, when correlated with the 
in vivo incubation period, were seen to vary at a less than 
significant level from 3»28 - 0.06 u to 3.18 - 0,06 u and 
2.14 - 0.04 u to 2.01 - 0.04 u, respectively, after 24 hours. 
Age of the embryo used in culturing appeared to affect the 
width of the nucleus (note Table 5» day 11); however, measure­
ments from that age embryo were taken from slides in which 
there were very few measurable nuclei. This lack of 
demonstrable nuclei resulted from poor staining such that the 
perinuclear region was cloudy and accurate measurements were 
difficult to make. 
Significant differences in the size of the parabasal body 
were not revealed in this experiment; however, there was a 
noticeable decrease in length of this Golgi-like organelle 
between measurements made at 14 and 24 hours post inoculation 
from 3*33 - 0.06 u to 3»14 - 0.06 u (Table 6). 
Although the height of the undulating membrane was re­
duced significantly from 1.20 - 0,04 u to 1.05 - 0.03 u after 
24 hours of ^  vivo culturing, this organelles appeared to have 
been affected very little in length, number or type of undula­
tions, or general configuration under these conditions of 
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growth. 
The axostylar projection as seen on specimens fixed and 
stained with Bouin's fixative and protein silver exhibited no 
differences in length or general shape. 
When flagellar lengths were measured under the condi­
tions stated above, the number available at a given age dur­
ing the to vivo incubation period was at times so low that 
meaningful statistical analysis was impossible. Fifty-three 
sets of flagella were measured in this study and grouped as 
to to vivo incubation period (24, 0-hour control sets and 29, 
24-hour incubation sets) regardless of the embryo ages used 
(Table 6), Flagellum #1 (the longest) was relatively stable 
under these conditions being reduced from 12,65 - 0,43 u to 
only 12.35 - 0,43 u whereas flagella #2 and #3 became sig­
nificantly shorter after 24 hours of to vivo culturing being 
reduced from 11.00 - 0.42 u to 9.68 - 0.42 u and 9*17 - 0.35 u 
to 7.72 - 0,35 respectively. 
3. Re inoculât ion of CsPsL.M. medium following chorio-allantoic 
fluid in vivo culturtog 
T. suis underwent drastic reduction in length following 
15 and 19 days of to vivo culturing as well as a reduction in 
width after I5 days (Table 4). Protozoa from these 15- and 
19-ciay In vivo culturing periods were incubated in 37 C 
C.P.L.M. medium for 48 and 72 hours, respectively. This incuba­
tion resulted in organisms with almost identical gross morpho­
logical measurements. Organisms tocubated 48 hours in 
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C.P.L.M. medium following 15 days of to vivo culturinp: had 
length and width dimensions of 11.10 - 0.04 u by 6,05 - 0,12 u 
and nuclear dimensions of 3*70 - 0,27 u by 2.38 ^  0,30 u, 
while those incubated 72 hours in C,P.L.M. medium following 
19 days of to vivo culturinp were 11,10 - 0,77 u long by 6.04 
- 0.27 u wide with nuclear measurements of 3«7^  - 0.66 u by 
2,39 - 0.61 u. After the initial incubation at 37 C for 
48 hours those cultures inoculated after the 15-day to vivo 
period were placed in a 20 C incubator for 48 hours. Organisms 
following this period of incubation were reduced in size 
having dimensions of 10.66 - 0,35 u by 5*71 - 0.35 u. The 
nucleus was also smaller measuring 3*02 - 0,27 u by I.98 -
0.16 u. 
T. suis was also retooculated into C.P.L.M. medium after 
24 hours of to vivo incubation. Following this incubation, 
T. suis had also undergone morphological changes which were 
quite noticeable (Table 6). These variations may have been 
the result of major physiological changes that could have had 
a great impact on the organisms' capability of utilizing the 
more widely used C.P.L.M, medium. To determine if a major 
change had occurred, approximately 180,000 trichomonads in 
0,4 ml of chorio-allantoic fluid were taken from an embryo 
which had served as a "host" in an to vivo culturing experiment 
after 24 hours of incubation. These were inoculated into one 
5 ml-tube of C.P.L.M. medium which was incubated at 35 C for 
4 days. The protozoan population climbed from approximately 
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36,000 organisms per ml to approximately 5»35 % 10^  per ml in 
72 hours. At the 72-hour sampling period the organisms were 
swimming very slowly and indications were the decline in popu­
lation was imminent. During the following 24 hours the popula­
tion decreased rapidly and numbered only 29,000 organisms per 
ml after the total 96-hour cycle. The slope of the loga­
rithmic plot of this growth experiment (Graph 6) at 35 C is 
very similar to that produced by organisms cultured in C.P.L.M. 
medium at 35 C which nad never been cultured in chorîc-
allantoic fluid (Graph 2). This similarity in growth charac­
teristics between organisms which might have been conditioned 
in some way by a 24-hour incubation period in chorio-allantoic 
fluid and organisms which had never undergone this treatment 
indicated that no permanent physiological change had occurred 
in the population due to vivo culturing. 
Measurements of morphological structures were made on 
organisms at the end of the 24-hour in vivo culturing period 
and compared with those made after 24, 48 and 72 hours of 
incubation at 35 C in C:P:L:M: medium. In this experiment, 
the gross body dimensions were measured on 280 organisms; half 
of these were fixed in Bouin's followed by protein silver 
staining and half were fixed in Schaudinn's and stained, with 
hematoxylin. These measurements were taken from specimens 
of each sampling period, i.e., 40 from the 24-hour ^  vivo 
sample and 80 each from the 24-, 48- and 72-hour C.P.L.M. 
medium samples. To determine if staining methods influenced 
the morphology, organisms were grouped according to the stain 
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used and found to be 11,00 - 0,08 u long by 4.6l - 0,05 u 
wide with the protein silver technique and 11.36 - 0.08 u 
long by 4.94 - 0,05 u wide with hematoxylin staining. Al­
though these figures differ significantly and support the 
contention of Buttrey (195^) and Sankaranarayanan (I966) 
that Bouin's fixation followed by protein silver staining 
does cause shrinkage of the protozoan compared to Schaudinn's 
fixation and hematoxylin staining, there were exceptions in 
this experiment. The organisms incubated 72 hours in C.P.L.M. 
medium were nearly one-half micron shorter, and those organisms 
of the Inoculum (24-hour in vivo culture) were slightly nar­
rower when stained with hematoxylin. However, more sig­
nificant difference in length of organisms was seen when this 
characteristic was correlated with hours cultured in C.P.L.M. 
medium. An increase from 10.49 - O.I3 u to 11,92 - 0.10 u 
was seen over the 72-hour period of C.P.L.M. medium culturing 
(Table 7). 
width of the organisms increased from 4.24 - 0.10 u to 
5.42 i 0.07 u after the first 24 hours of C.P.L.M. culturing. 
This increase was diminished to an unexplainable low of 
4.36 - 0.07 u 48 hours later. 
Nuclear length fluctuated from 3*48 - 0.08 u to 4.13 -
0.11 u during this experiment; the width remained more stable, 
varying from a minimum of 2,10 - 0*05 u to a maximum of 
2,32 i 0.05 u (Table 7). 
The parabasal body had a basal length of 3*30 u in this 
Talilo 7, Measurements® of T, suis cultured in C.P.L.M. medium following 24 hours 
of chorio-allantoïc fluid 3^  vivo oulturing 
24 hours 24 hours 48 hours 72 hours 
Characteristic in vivo C.P.L.M. C.P.L.M. C.P.L.M. 
Length 10,49 i 0.13 
(40) 
11. 16 i 0,10 
(80) 
11.16 i 0,10 
(80) 
11.92 i 0.10 
(80) 
Width 4,24 - 0,10 
(40) 
5. 42 - 0.07 
(80) 
5.10 i 0.07 
(80) 
4.36 ± 0.07 
(80) 
Nucleus length 3.53 - 0,11 
(20) 
3. 95 - 0.08 
(40) 
3.48 i 0,08 
(40 
4.13 - 0.11 
(20) 
Nucleus width 2.23 - 0,06 
(20) 
2, 32 i 0.05 
(40) 
2,10 i 0,05 
(40) 
2.23 - 0.06 
(20) 
Parabasal 
body length 
3.30 t 0.13 
(15) 
3. 87 ± 0.08 
(38) 
4,21 i 0.08 
(40) 
3.30 - 0.08 
(33) 
Parabasal 
body width 
0,48 t o„04 
(15) 
0, 51 t 0.02 
(38) 
0.67 t 0,02 
(40) 
0.48 ± 0,03 
(33) 
®Mean -• standard error; observations in ( ). 
Table 7. (Continued) 
2k hours 2k hours 48 hours 72 hours 
Characteristic in vivo C.P.LiM. C,P.L.N, C.P.L.M. 
Axostylar 1.78 ± 0.12 2.56 i 0,08 2,46 ± 0,09 2.27 - 0.12 
projection (20) (40) (38) (18) 
Anterior flagella 
1 13.44 ± 0.68 12.68 t o.48 12.15 - 0.46 13.54 i 0.74 
(6) (12) (13) (5) 
2 10.48 ± 0.88 10.68 i 0.62 9.16 i O.6O 11.42 i 0.97 (6 )  (12)  (13)  (5 )  
3 7.60 - 0.72 7.96 - 0,51 7.68 - 0,49 9.31 - 0.79 
(6) (12) (13) (5) 
V\ VA 
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experiment. This length was common to the organisms after 
24 hours of in vivo culturing and again in those organisms that 
had been incubated in C.P.L.M. medium for 72 hours. Those 
organisms after 24 and 48 hours of C.P.L.M. culturing exhibited 
a parabasal body of greater length measuring 3.8? - 0.08 u 
and 4.21 - 0.08 u, respectively (Table ?)• This organelle 
which has been likened to the metazoan Golgi apparatus by 
Grimstone (1959)t Anderson and Beams (I96I) and Simpson and 
White (1964) appeared to elongate and in some instances widen 
during and preceding periods of enlargement of individuals of 
the population. 
The axostylar projection and filament (Figures 2, 6, 9, 
11, Appendix) were clearly seen in those specimens stained 
with protein silver, but they were rarely seen distinctly in 
hematoxylin stained individuals. Measurements of this 
structure, given as data here, were taken from only those 
organisms stained with protein silver and included the total 
length of the projection and filament* After 24 hours of in 
vivo culturing the axostylar projection which tapers abruptly 
in nearly all cases to a fine filament was 1.78 - 0.12 u long. 
During the 24-hour period of culturing in C.P.L.M. medium, the 
length of the axostylar projection increased to a maximum of 
2.56 - 0.08 u. Also during this period, the length of the 
organism increased to 11.16 - 0.10 u from 10.49 - O.I3 u. 
As was specified earlier the organism length was measured 
exclusive of the axostylar projection; therefore, it can be 
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seen from these data that the overall length of trichomonads 
increased sharply when incubated in C.P.L.M. medium following 
24- hours of ^  vivo culturing from 12.2? u to 13»72 u (length 
and axostylar projection). 
The undulating membrane did not appear to be altered or 
changed in any way as the culturing conditions were varied. 
Its mean maximum height at each of the sampling periods was 
approximately 1 u, and the type and number of undulations were 
similar to each other and to the control organisms cultured 
in C.P.L.M. medium. 
Anterior flagella were measured under the same restric­
tions used in the 24-hour m vivo experiment. The number of 
flagellar sets measured from the four sampling periods was 
6, 12, 13 and 5t respectively. Ranges of 13*5^  - 0.74 u to 
12.15 - 0.44 u, 11.42 - 0.97 u to 9.16 - 0.60 u and 9.31 ± 
0.79 u to 7«60 - 0.72 u, respectively, were recorded for the 
anterior flagella. 
C. Chorio-allantoic Fluid In Vitro Studies 
1. 24-hour growth 
After an initial failure to establish actively growing 
in vitro cultures with an inoculation of 200 organisms per ml, 
a series of tubes, each with 5 ml of chorio-allantoic fluid, 
was inoculated with 2,000; 6,000; 20,000 and 80,000 organisms 
per ml. The two sets of tubes inoculated with the two latter 
concentrations of organisms established actively growing 
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populations after incubation at 35 C, It appeared that 20,000 
organisms per ml was a sufficient number for a successful 
inoculation; however, in subsequent studies an inoculation 
number intermediate to the successful concentrations was used, 
that is, approximately 40,000 per ml. 
With this information concerning the inoculation number 
necessary for successful establishment of a culture, 24-hour 
in vitro growth studies were designed with some assurance 
that the inoculation number was not Roinp to be a limiting 
factor and that the effect of temperature on the cultures 
would be the variable to be analyzed. 
Of the three temperatures used in this experiment, only 
30 C and 6^ C supported recognizable increases in the protozoan 
populations; whereas, the cultures incubated at 25 C never 
exhibited a sustained increase during the 24 hours of incuba­
tion. At 30 C the populations increased to approximately 
55»000 organisms per ml after the 24 hours of the experiment 
while those at 36 G crew more rapidly and attained a concen­
tration of slightly more thazi 100,000 organisms per ml 
(Graph 7). Population increases in the 36 C cultures followed 
an exponential increase as is shown by the close fit to the 
straight line plot (Graph 8); whereas, the increase in popu­
lation of those cultures incubated at 30 C was at a less 
than exponential rate. 
The cultures at 36 C exhibited a minimum generation time 
of 11.2 hours (?able 2) when this figure was calculated by 
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the formula of Johnson and Trussell (1944). However, when 
the slope of the curve (Graph 8) was used to determine the 
generation time, the figure 17,1 hours was determined. The 
minimum generation time determined for 30 C was 13»5 hours 
during: the interval of 1-5 hours following inoculation 
(Table 2), The generation time was not determined graphically 
for the 30 C cultures because the points on Graph 8 do not 
represent an exponential increase. 
2. Lone-term growth and morphology 
In order to determine more accurately the growth char­
acteristics of T. suis in chorio-allantoic fluid over a longer 
period of time, 3^  vitro growth experiments were designed and 
run throughout a complete growth cycle at 30 C and 36 C. 
Since no growth was obtained in the 24-hour vitro growth 
study at 25 C, the 25 C temperature was omitted from this 
experiment. 
The maximum number of trichomonads reached after 6 days 
of 30 C vitro culturing was approximately 900,000 per ml. 
while a population of I.I5 x 10^  per ml was reached in 4 days 
in those cultures incubated at 36 C (Graph 9)* Those cul­
tures incubated at 30 C reached a second population peak which 
approached 900,000 organisms per ml in 8,5 days. The cultures 
incubated at 36 C also gave a slight indication of a second 
population peak after 5*5 days with four of the seven cultures 
used exhibiting an increase; however, the overall population 
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mean of the seven cultures was lower than the previous 
reading. The duration of time in which measurable populations 
were found in each tube was 13 days for the 30 C culture and 
7 days for the 36 C culture. 
The minimum generation time calculated for the JO C cul­
tures was 19.2 hours during the interval 1-1.5 days while the 
minimum time for the 36 C cultures of 14.8 hours occurred dur­
ing the interval 2-2,5 days (Table 3)* Prom the straight 
line curve of the semi-log plot of the populations (Graph 10) 
the overall figure for the generation times during the log­
arithmic phase of growth was 26,2 hours in the 30 C cultures 
and 16,1 hours in the 36 C cultures. This figure of 16,1 
hours compared quite favorably with the generation time of I7.I 
hours determined for the 36 C cultures which were incubated 
for 24 hours. From these studies it appeared that T. suis 
Incubated in chorio-allantoic fluid vitro culture at 36 C 
had a generation time of 16 to 17 hours with no apparent lag 
phase following inoculation. 
From the peak population, the rate and nature of decrease 
of the 36 C cultures followed very closely a logarithmic 
decrease; however, the 30 C cultures did not fit a logarithmic 
pattern as closely (Graph 11). Instead the points of the 
30 C culture were scattered and fit much more loosely on a 
straight line plot. 
Durinoc the lonr-term chorio-allantoic fluid ^  vitro 
growth experiments at 30 C and 36 C, T. suis smears were 
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prepared for morphological studies. Three sets of slides from 
each temperature were prepared. These sets consisted of 
smear preparations of the inoculum from C.P.L.M. medium 
(common to both temperatures) and smears made after 4 and 6 
days of chorio-allantoic fluid ija vitro culturing (Table 8), 
Those organisms cultured at 30 C were longer and wider 
(10.74 - 0.16 u by $.06 - 0.12 u) than those cultured at 
36 C (9.46 - 0.16 u by 4,67 - 0.12 u) after 4 days incubation 
in chorio-allantoic fluid iji vitro culture. After 6 days of 
of culturing the same relation was seen in regard to length, 
9.83 - 0.16 u compared with 9.13 - O.I6 u; however, the widths 
were essentially e.^ ual, being 4.81 - 0.12 u and 4.80 - 0.12 u, 
respectively. In both cases there were drastic decreases in 
length of the organisms contrasted with the length of 12.55 -
0.16 u for the organisms of the inoculum. Conversely, the 
widths of those organisms cultured at 30 C and 36 C were 
larger after 4 days being 5.06 - 0.12 u and 4.67 - 0.12 u, 
respectively, than the width, 4.31 ^  0.10 u, for the organisms 
of the inoculum (Tables 9 and 10), 
It was impossible to take nuclear measurements of the 
organisms of the inoculum from the hematoxylin stained slides, 
so the entries in Table 8 for nuclear length and width of the 
organisms were taken from measurements on protein silver 
slides. Only seven measurable nuclei were recorded; therefore, 
it might be more meaningful to refer to Table 6 and use the 
nuclear measurements of the 69 nuclei of that experiment's 
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Table 8. Combined measurements® of T. suis cultured at 30 C 
and 36 C in chorio-allantoic fluid ^  vitro 
Characteristic 0 days 
4 days 
in vitro 
6 days 
in vitro 
Length 12.55 - 0.16 
(55) 
10.10 - 0.12 
(80) 
9.48 - 0.12 
(80) 
Width 4.31 - 0.10 
(55) 
4.87 - 0.08 
(80) 
4.81 - 0.08 
(80) 
Nuclear 
length 
3.97 ^  0.21 
(7) 
2.88 i 0.07 
(40) 
2.82 ± 0.07 
(40) 
Nuclear 
width 
2.13 - 0.13 
(7) 
1.91 - 0.05 
(40) 
1.92 - 0.05 
(40) 
Parabasal 
body length 
3.71 ± 0.15 
(25) 
3.28 ± 0.30 
(6) 
2.68 i 0.10 
(37) 
Parabasal 
body width 
0.52 i 0.02 
(25) 
0.48 - 0.03 
(6) 
0.49 ± 0.01 
(77) 
Axostylar 
projection 
1.94 - 0.17 
(25) 
1.82 - 0.12 
(38) 
2.15 - 0.14 
(33) 
Undulating 
membrane 
1.02 i 0.04 
(23) 
1.03 - 0.03 
(45) 
0.92 - 0.03 
(35) 
Anterior flagellum 
1 12.48 ± 0.51 
(17) 
13.40 - 0.84 
(9) 
12.54 - 0.39 
(23) 
2 10.79 - 0.48 
(17) 
13.20 i 0.99 
(9) 
10.12 i 0.33 
(23) 
3 8.33 - 0.40 
(17) 
9.30 - 0.88 
(9) 
8.07 - 0.35 
(23) 
M^ean - standard error; obs ervations in ( ) .  
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Table 9» Measurements^  of T. suis cultured in chorio-allantoic 
fluid to vitro at 30 C 
4 days 6 days 
Characteristic 0 days in vitro in vitro 
Length 
Width 
Nuclear 
length 
Nuclear 
width 
Parabasal 
body length 
Parabasal 
body width 
Axostylar 
projection 
12.55 ± 0.16 (55 )  
4.31 i 0.10 (55 )  
3.97 - 0.21 
(7) 
2,13 - 0.13 
(7) 
3.71 ± 0.15 
(25) 
0.52 ± 0.02 
(25) 
1.94 i 0.17 
(25) 
10.74 ± 0.16 
(40) 
5.06 i 0.12 
(40) 
3.17 - 0.10 
( 2 0 )  
1.94 ± 0.07 
(20)  
3.36 i 0.27 
(1) 
0.48 ± 0.03 
(1) 
2.40 - 0.18 
(19) 
9.83 - 0.16 
(40) 
4.81 i 0.12 
(40) 
2.88 ± 0.10 
(20 )  
1.85 ' 0.07 
(20) 
2.78 i 0.13 
(20) 
0.48 ± 0.01 
(20) 
2.17 - 0.18 
(19) 
M^ean - standard error; observations in ( ) 
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Table 10, Measurements^  of T. suis cultured in chorio­
allantoic fluid ^  vitro at 36 C 
4 days 6 days 
Characteristic 0 days  ^vitro in vitro 
Lenpcth 12.55 - 0.l6 9.46 ± 0.16 9.13 - 0.l6 
(55) (40) (40) 
Width 4.31 - 0,10 4.67 - 0,12 4,80 - 0.12 
(55) (40) (40) 
Nuclear 3.97 - 0.21 2.59 - 0,10 2.76 i 0,10 
length (7) (20) (20) 
Nuclear 2.13 - 0,13 1.87 - 0,07 1.99 - 0,07 
width (7) (20) (20) 
Parabasal 3,71 - 0,15 2,88 i 0,60 2.57 - 0,l4 
body length (25) (5) (17) 
Parabasal 0,52 - 0,02 0,48 t 0,06 0.5I t 0,01 
body width (25) (5) (17) 
Axostylar 1.94 t 0.17 1.24 - 0,18 2.13 - 0.21 
projection (25) (19) (14) 
^ean - standard error; observations in ( ). 
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control (0-hour) group. 
Nuclear measurements taken from organisms of the ex­
perimental cultures of 30 C and 36 C were 3*17 ^  0,10 u by 
1,94 - 0,07 u and 2.59 ^  0.10 u by 1,87 - O.O7 u, respectively, 
after 4 days of vitro culturing and 2.88 - 0.10 u by 1,8$ -
0,07 u and 2,76 - 0,10 u by 1.99 - 0,07, respectively, after 
6 days of vitro culturing. The nuclear lengths of the 
organisms cultured at 36 C were somewhat smaller than those 
cultured at 30 C while the widths recorded from the two ex­
perimental temperatures were nearly equal (Tables 9» 10). 
Measurements of the parabasal body length during this 
in vitro period of culturing at both 30 C and 36 C were reduced 
from 3*71 - 0,15 u to 3*3^  - 0.27 u and 2.88 - O.6O u, respec­
tively, after 4 days and 2,78 - 0,13 u and 2,$7 - 0,14 u, re­
spectively, after 6 days of culturing. The width remained 
consistent with that of the inoculum at both temperatures 
throughout the experiment. 
The axostylar tip that projected beyond the body proper 
was measured from slides stained with protein silver. It 
responded differently to culture at 30 C and 36 C during this 
experiment. After an initial increase from 1,94 - 0,17 u to 
2.40 - 0.18 u after 4 days iri vitro 30 C culturing, there was 
a reduclion in length zo 2.17 - 0,18 after 6 days. At 36 C 
the effect was reversed with an Initial reduction to 1.24 -
0,18 u seen after 4 days followed by an increase to 2.13 -
0.21 u after 6 days. 
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In slides from the 36 C In vitro culture, the trunk of 
the axostyle had assumed in about 25^  of the population a 
sigmoid configuration (Figures 1, 10, 13, Appendix) in con­
trast to the rather straight-to-slightly-curved trunk normally 
seen (Figures 3# 5* 12, Appendix). This configuration might 
have been caused by excessive shrinkage of the cell causing 
this axial rod to partially fold on itself; however, measure­
ments taken at this point in the experiment did not reveal 
a noticeable difference in size of these organisms from those 
that had a more conventional appearing axostyle. 
The undulating membrane of T. suis originated in the 
anterior region of the organism as a low fold, and as it 
proceeded posteriad increased in height until the middle to 
posterior third of the animal was reached (Figures 1, 5# 6, 
7, 11, 12, Appendix). From this highest area there was usually 
a gradual decrease in height to a point very close to the 
plasma membrane of the organism proper (Figures 2, 4, 5, 12, 
13; 14; 15. Appendix), or occasionally the undulating membrane 
terminated in an elevated fin-like region (Figures 6, 11). In 
both cases the recurrent flagellum traversed the entire length 
of the undulating membrane and continued on as the free 
posterior flagellum. Periodically, the dorsal body surface 
under the membrane was formed into a cytoplasmic ridge 
(Figures 5i 6, 7, 14, Appendix). 
Flagellar length of organisms cultured at 30 C and 36 C 
were combined and given in Table 8 because of the low number 
73 
available at the individual temperatures. Plagellum #1 had 
a ran^ e from 13,40 - 0.84 u to 12,48 - 0.51 u, flapçellum #2, 
a range from 13,21 - 0,99 u to 10.12 - 0.33 u and flapcellum 
#3f a range from 9*30 - 0.88 u to 8.07 - 0.35 u in length over 
the three sampling periods. 
3. Re inoculât Ion of C.P.L.M. medium follow inp: chorio­
allantoic fluid in vitro culturing 
As a complement to an earlier study made when tri-
chomonads were reinccviDated into C.P.L.M. medium following 
24 hours of ^  vivo culturing in the chorio-allantoic fluid 
of developing chicks, trichomonads were inoculated into 
C.P.L.M. medium following chorio-allantoic fluid ^  vitro 
culturing. 
This experiment was an extension of the chorio-allantoic 
fluid 30 C and 36 C in vitro growth studies discussed earlier. 
Following 6 days of ^  vitro culturing, inocula from both 
temperatures were used to inoculate tubes of C.P.L.M, medium 
which were then incubated at 30 C and 36 C, respectively. 
After 3 and 6 days of incubation in C.P.L.M. medium at their 
respective temperatures, protozoan smears were prepared for 
morphological studies. 
Both length and width of the organisms increased follow­
ing incubation in C.P.L.M. medium for 3 days. The length of 
those organisms cultured at 30 C continued to increase from 
11.02 - 0,16 u after 3 days to 12.36 - 0.16 u after 6 days 
(Table 11) while those at 3^  C remained 12,72 - 0,16 u long 
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Table 11. Measurements^  of T. suis cultured In C.P.L.M. 
medium at 30 C following 6 days chorio-allantoic 
fluid ^  vitro culturing at 30 C 
0 days 3 days 6 days 
Characteristic (6 days vitro) C.P.L.M, C.P.L.M. 
Length 9.83 ^  0.l6 11.02 ± 0.l6 12.36 ^  0,l6 
(40) (40) (40) 
Width 4.81 ± 0.12 5.42 ± 0.12 5.12 ± 0.12 
(40) (40) (40) 
Nuclear 2.88 - 0.10 3.39 - 0.10 3-53 - 0.10 
length (20) (19) (20) 
Nuclear 1.85 ^  0.07 2.07 ^  0.07 2.06 ± 0,07 
width (20) (19) (20) 
Parabasal 2.78 i 0.13 4.20 ± 0.13 3.86 ± 0.13 
body length (20) (20) (20) 
Parabasal 0.48 i 0.01 0.50 ± 0.01 0.48 ± 0,01 
body Width (20) (20) (20) 
Axostylar 2.17 - 0.18 2.12 ± 0.18 2.67 - O.I9 
projection (19) (19) (I6) 
^Mean - standard error; observations In ( ), 
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('ïable 12), After 3 days the width had increased to 5*^ 2 -
0,12 u at 30 C and to $,64 - 0,12 u at 36 C from the measure­
ments of the respective temperature 6-day chorio-allantoic 
fluid 3^  vitro cultures (Tables 11, 12). The organisms not 
only became wider (Figures 1, 13» Appendix) but the general 
shape of a large percentage of them became rotund (Figures 10, 
11, Appendix), Width decreased only slightly to $,12 - 0,12 u 
following 3 additional days of incubation at 30 C while there 
was a more substantial decrease to 4,8? - 0,12 u in the 
organisms cultured at 36 C (Tables 11, 12), 
Nuclear dimensions increased in response to culturing 
in C,?,L,M, medium following chorio-allantoic fluid ^  vitro 
culturing with maximum measurements at 30 C reaching 3*53 -
0.10 u by 2,07 - 0,07 u and at 36 C reaching 4,09 - 0.10 u by 
2.50 ± 0,09 u. 
After 3 days of rapid growth in C.P,L,M. medium the 
parabasal bodies in the 36 C culture had increased to 5*90 -
0,13 u in length and those in 30 C culture had Increased to 
4,20 - 0,13 u. With an additional 3 days of incubation at 
30 C and 36 C the parabasal body length decreased to 3.86 -
0,13 u and 3*76 - 0,14 u, respectively. The parabasal body 
width remained constant throughout the experiment at either 
temperature with a range of between 0.46 - 0.01 u to 0,51 -
0,01 u. 
Axostylar projections of those organisms cultured at 
30 C increased to 2.67 - 0.19 u after 6 days following an 
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Table 12. Measurements^  of T. suis cultured in C.P.L.M, 
medium at 36 C following 6 days of chorio­
allantoic fluid ^  vitro culturinp: at 36 C 
0 days 3 days 6 days 
Characteristic (6 days ^  vitro) C.P.L.M. C.P.L.M. 
Length 9.13 - 0.16 12.72 ^  O.I6 12.72 i" O.I6 
(40) (40) (40) 
Width 4.80 ± 0.12 5.64 ± 0.12 4.8? ± 0.12 
(40) (40) (40) 
Nuclear 2.76 - 0.10 4.09 - 0.10 3.56 - 0.12 
length (20) (17) (14) 
Nuclear 1.99 - 0.07 2.32 - 0.0? 2.50 - O.O9 
width (20) (17) (14) 
Parabasal 2.57 - 0.14 5.90 ± O.13 3.76 ± 0.14 
body length (17) (20) (19) 
Parabasal O.5I ± 0.01 0.48 ± 0.01 0.48 ± 0.01 
body width (17) (20) (19) 
Axostylar 2.13 - 0.21 2.76 - 0.22 3.12 - 0.38 
projection (14) (12) (4) 
^Mean - standard error; observations in ( ). 
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initial stationary period (slight decrease from 2,17 - 0,18 u 
to 2,12 - 0.18 u) seen after 3 days of C.P.L.M. culturing. 
At J6 C this organelle increased steadily from 2,13 - 0.21 u 
in the organisms of the inoculim to 2.7" - 0,22 u after ^  
days and to 3.12 - 0,38 u after 6 days of culturing in 
C.P.L.M. medium. 
After 6 days of CoP.L.M. medium culturing the two shorter 
flagella had grown to slightly surpass the measurements of 
these organelles found in the organisms of the inoculum while 
the longest flagellum had decreased slightly to 12.07 -
0.85 u. 
Throughout this experiment the height of the undulating 
membrane, regardless of culture temperature, remained 
essentially unchanged with a range of 0,92 - 0,03 u to 
1.00 - 0.03 u. 
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V, DISCUSSION 
This study was designed to evaluate quantitatively the 
effectiveness of Tritrichomonas suis, a porcine gastro­
intestinal flagellate, in utilizing chick chorio-allantoic 
fluid as a culture substrate. Population growth and morpho­
logical characteristics of the protozoa cultured in this 
fluid were compared with those characteristics of organisms 
cultured in C.P.L.M. medium. 
Characterization of population growth may be based on 
several factors including the initial growth phase, the rate 
or generation time, maximum numbers attained, duration of the 
population and death. The lag phase or "positive growth 
acceleration phase" described in bacterial populations by 
Buchanan and Fulmer (1928) is an initial growth period in 
which the average rate of division is increasing until the 
average minimum generation time of the individuals of the 
population is met and the population increases at a constant 
rate. This constant rate is the logarithmic growth phase, or 
the phase in which the overall rate of increase is highest. 
The perfect logarithmic phase would mean that each individual 
in the population would divide in a specified number of hours 
and that every daughter cell would follow the same pattern. 
This, as we know, does not occur. There are deaths of 
daughter cells, and cells are produced which do not divide 
or are delayed in dividing, and these variations cause the 
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figures for generation time derived from population counts 
of "log phase" populations to be slightly high (Wilson, 1922). 
However, the relationship between generation times in the 
study of trichomonads has been used by a number of research­
ers Including Johnson and Trussell (1944), McAllister (1958), 
Buttrey (I96O), Honigberg (I96I) and Daly (1970); thus, con­
tinued use of these relative figures seems warranted as a 
means of comparing populations and their rate of increase. 
The results of this work indicate apparent 1-day lag 
phases for 30 C and 35 C C.P.L.M. cultures and a 2-day lag 
for those cultures at 25 C. This is in agreement with the 
pattern described by Sankaranarayanan (1966) and Soleymany 
(1970) using a nasal trichomonad of swine and T. augusta. 
respectively. Plots of logarithms of the population against 
time in this study revealed straight line curves which, when 
extrapolated back to the inoculation period, approached the 
theoretical inoculation number. These data indicated that 
little if any lag phase existed for this trichomonad grown 
at 25 C, 30 C and 35 C in C.P.L.M. medium, which followed 
closely the interpretation of the reports on other species 
of trichomonads by Palmquist and Buttrey (I96O) and Daly 
(I97O). 
The minimum generation times for CeP-L-M- medium cultures 
derived by using the formula of Johnson and Trussell (1944) 
were I6.3 hours for 25 C, 6.1 hours for 30 C and 5*6 hours 
for 35 C. The graphic determinations for these same 
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temperatures were 18.6 hours, 6,6 hours and 6,1 hours, 
respectively. These figures fall within the range estab­
lished by Johnson and Trussell (19^ ) for T. vaginalis where 
the minimum generation time of 5 to 8 hours was observed over 
a range of temperatures from 34 C to 39 C. Buttrey (I968) 
found that a trichomonad strain from the pig caecum had 
minimum generation times at 37 C of 4.7 hours for day one, 
6.1 hours for days two and three and 13*7 hours for day 
four in C.P.L.M. medium. T. augusta cultured in C.P.L.M. 
medium was reported by Soleymany (1970) to have minimum 
generation times of 8.6 hours at 25 C, 3*^  hours at 30 C and 
the extremely low figure of 1,7 hours at 35 C. The generation 
times derived from the present study compare favorably with 
those of other mammalian trlchomonads; however, the genera­
tion times are considerably longer at the respective tempera­
tures when compared with the amphibian trichomonad, T. augusta. 
The successful culture of T. suis at 25 C, 30 C and 35 C 
but not at 20 C in C.P.L.M. medium agrees with the findings 
of Johnson and Trussell (1944) who found the lowest tempera­
ture capable of supporting T. vaginalis multiplication was 
25 C and with Sankaranarayanan (I966) who found that porcine 
nasal trlchomonads were Incapable of multiplication at 20 C. 
While studying T= vaginalis. Johnson (1940) could determine 
no significant difference between the population size grown 
at 37 C and 35 C. 
In this study maximum populations of T. suis were reached 
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in the 25 C, 30 C and 35 C cultures after 11.5, 4 and 4 days 
reaching 2.58 x 10^ , 3*9^  x 10^  and 4.08 x 10^  trlchomonads 
per ml, respectively. Measurable populations were recorded 
in all tubes of similar temperatures for I6, 8 and 7 days, 
respectively. Among workers using porcine trichomonads, 
thought to be T. suis, were Buttrey (I96O) who found that a 
nasal strain had a peak population of 3*5 % 10^  organisms per 
ml after 3*5 days at 37 C and Palmquist and Buttrey (I96O) 
who found peak populations of a caecal strain of 4.8 x 10^  
organisms per ml at 37 C, Buttrey and Sankaranarayanan 
(1969) found at 25 C, 30 C and 35 C a nasal strain had popula­
tion peaks of 3.O5 x 10^ , 5*15 % 10^  and 5.20 x 10^  organisms 
per ml on days 11, 5 and 3 of culturing at the respective 
temperatures• 
The rapid decline seen in populations of trichomonads 
has been reported by Johnson (1942), McAllister (I958), 
Buttrey (I96O) and Soleymany (1970). Data from this work 
indicated populations at the three experimental temperatures 
cultured in C.P.L.M. had death rates that at least for a short 
period in each case followed a logarithmic decrease. This 
accelerated decrease in population numbers could be explained 
if toxic materials were liberated from the bodies of dead 
organisms; however, nc evidence for this is given here and none 
concerning trichomonads can be found in the literature to 
date. The reason for this logarithmic decline following the 
very short stationary phase remains enigmatic. 
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Populations of T. suis were cultured in chick chorio­
allantoic fluid m vitro at 30 C and 36 C for 24-hour and long-
term growth experiments. The average generation time de­
termined for the 24-hour cultures at 36 C was 17»1 
hours. Plots of the 30 C temperature did not fit a straight 
line; therefore, the generation time was not determined by 
this method. 
Average generation times determined from the slope of 
the 30 C and 36 C long-term ^  vitro growth curves were 26.2 
hours and I6.I hours, respectively. The two studies at 36 C, 
24-hour and long-term chorio-allantoic fluid ^  vitro cultures, 
revealed a generation time of I6 to 1? hours during the log 
phase of growth and no lag phase. 
Maximum populations attained in the long-term 3^  vitro 
cultures at 30 C were approximately 900,000 organisms per ml 
after 6 days and approximately I.I5 x 10^  per ml at 36 C 
after 4 days. The 30 C cultures exhibited a second peak at 
8.5 days which approached its initial peak population. 
This second peak in population established a pattern 
which had not been seen in trichomonad studies previous to 
this time. A diauxic pattern of growth described by Thimann 
(1963) in bacterial populations and by Daly (1970) in a strain 
"X" of Ts eallinae might be used as a model for comparison. 
However, the lag phase does not occur midway during the log 
phase as is seen in the above examples but rather during the 
stationary phase of the cycle. The normal pattern of diauxic 
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growth is "based on the preferential metabolism of available 
carbohydrates in the medium in which all of the preferred 
energy source is utilized before the second is attacked. 
Daly (1970) also stated that T. gallinae incubated in media 
with both glucose and maltose as added carbohydrates had 
generation times intermediate to those times found with the 
use of either sugar alone. According to Romanoff (I967), 
approximately 90^  of the carbohydrates of the allantoic 
fluid are glucose, which essentially rules out this possibility 
of the utilization of a second sugar. 
Another possible explanation would be a temperature shift 
of the incubator, but in order for an increase in population 
to occur at this stage in the cycle, a drop towards an optimal 
temperature would have to take place. This is unlikely be­
cause it has already been shown that the 36 C culture resulted 
in faster growth and the attainment of higher numbers than 
30 C. 
A third possible explanation might be that during the 
stationary phase there was enough variation in population 
counts to elicit this pattern; however, extreme care was taken 
in counting at the first sign of this irregular pattern. 
Deviation from the decline expected during the logarithmic 
death phase was very obvious at the earliest fluctuation even 
in the case of this JO C culture which decreased at a slightly 
less than logarithmic pattern as was determined after the 
termination of the experiment. With these possible explanations 
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considered, the answer to this pattern still remains unclear 
to the writer# The decline in population at 36 C followed a 
logarithmic pattern while at 30 C the pattern, as indicated 
above, was of a slower decline# These long-term ^  vitro 
cultures had measurable populations in all tubes through 13 
days at 30 C and 7 days at 36 C. 
In vivo culture experiments of 23 and 100 passages were 
described by Cable and Hillaert (194?) and Reuss (1957), 
respectively, who gave as results the finding of viable tri-
chomonads in the extra-embryonic fluid or embryonic organs 
after these periods. Other workers in this field reported 
similar non-specific findings during experiments of shorter 
duration. An exception to this type of study was reported in 
the paper by Levine, Brandly and Graham (1939) in which they 
described increases over 2- to 3-â.ay intervals as a multipli­
cation factor of approximately 30. 
In the present ^  vivo study maximum numbers reported for 
the four intervals (6, 5t 4 and 4 days) comprising the 19-day 
culturing period represented increases with multiplication 
factors of approximately 45, 45, 35 and 85, respectively. 
Volume changes of the chorio-allantoic fluid over the incuba­
tion periods were incorporated into the calculations used to 
determine these multiplication factors. Thus, any changes 
brought on by dilution of the population because of an increase 
in volume of the chorio-allantoic fluid or conversely by 
concentration of the population because of a decrease in 
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fluid volume did not lead to false interpretations. 
The suitability of chorio-allantoic fluids from variously 
aged chick embryos as culture media were determined by compar­
ing the growth characteristics of T. suis cultured in these 
fluids. T. suis utilized chorio-allantoic fluid of 9-» 10-, 
11-, 12- and 13-day chick embryos equally well. The volume of 
the above fluid increases from 3.08 ml on day 9» to 4.10 ml 
on day 10, to 5»13 ml on day 11, to 6.00 ml on day 12 and to 
6.14 ml on day 13; then the volume of the chorio-allantoic 
fluid starts to decline and on day 14 the average volume is 
5*78 ml (Romanoff, I967). The samples removed over a 24-hour 
period from a 9-day embryo would have a different effect on 
the relative amount of fluid left after 24 hours than would 
samples taken from a 13-day embryo. Thus, the volume of the 
fluid was not only changing because of the metabolism of the 
embryos but also because of sample removal. By removing a 
uniform sample volume at each sampling period the volume 
remaining in the egg at each sampling period could be deter­
mined. The trichomonad concentration at each sampling period 
was based on the actual count (trichomonads per ml) multiplied 
by a conversion factor for each sampling period to compensate 
for the changing volume of chorio-allantoic fluid due to normal 
maturation of the embryo and to ssanple removal. 
It appears from Graph 4 that 9- and 11-day embryos pro­
vided the best conditions for T. suis growth in the chorio­
allantoic fluid. However, these embryos also had the highest 
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concentration of organisms following inoculation. With the 
injection of 325,000 organisms in 0.1 ml of fluid the effect 
of the inoculation volume will be minimal; however, the risk 
of errors in numbers of protozoa inoculated is compounded by 
the high concentration and critically small volume to be inocu­
lated. When 9-day embryos were inoculated with 150,000 
organisms causing the initial concentration to fall in the 
range of those embryos which were inoculated previously with. 
325,000 organisms (10-, 12-, 13-day embryos), the growth 
curves resulting from 24 hours of incubation were nearly 
parallel, 
The growth curves (Graph 5) resulting from the popula­
tions initiated with inocula of 600,000 trichomonads appeared 
to be parallel for the different aged embryos used, which 
indicated similar growth rates. These data, as was shown by 
those of the previous 24-hour ^  vivo experiments, indicated 
no lag phase was present. The slow Increase expected of an 
early logarithmic phase was demonstrated. This being true, 
the higher populations attained by these cultures resulted, 
not from an increased rate, but rather, from the initiation 
of the cultures later on the log curve of the population. 
To help determine if permanent physiological change had 
occurred in the protozoan population during 24 hours of ^  vivo 
culturing, 0,4 ml of chorio-allantoic fluid containing 180,000 
organisms were used to reinoculate a tube of C,P,L,M, medium 
which was incubated at 35 C for 4 days. The protozoan 
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population increased from approximately 36,000 organisms per 
ml to approximately 5*35 x 10^  organisms in 72 hours. This 
increase surpassed the total number attained by trichomonads 
cultured in C.P.L.M. medium which had never been cultured 
in chorio-allantoic fluid; however, the slopes of the re­
spective growth curves were almost identical. The growth 
data from this single culture may not be as significant as it 
might have been if more cultures had been used as was shown 
by Buttrey (I96O). 
Comparisons made between the growth characteristics of 
T, suis cultured in chorio-allantoic fluid and C.P.L.M. medium 
indicated that no lag phase occurred when either medium was 
used and that from the time of inoculation the population in­
creases proceeded at a logarithmic pace. The generation times 
of the protozoa appeared to be dependent on both temperature 
of incubation and medium used; with the chorio-allantoic fluid 
30 C generation time being approximately four times as long 
as the comparable C.P.L.M. medium generation time. Generation 
time determined at 36 C chorio-allantoic fluid vitro cultur-
ing was approximately two and one-half times longer than that of 
the 35 C C.P.L.M. medium culture. Maximum populations in the 
two media also had approximately four fold differences. At 
30 C in CîPrL-Mï medium a population of 3*9^  x 10^  tri­
chomonads per ml was reached compared with 9*00 x 10^  per ml 
in chorio-allantoic fluid. At the elevated temperatures the 
respective populations were 4.08 x 10^  and 1.15 z 10^  
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trichomonads per ml. Also, at these elevated temperatures 
the logarithmic death rates were very similar between the 
two media and the durations of both culture populations were 
7 days in length. Thirty C chorio-allantoic fluid cultures 
decreased at a slightly less than log rate; whereas, both 
25 C and 30 C C.P,L,M, medium cultures decreased logarith­
mically for at least a short period. The lower temperature 
chorio-allantoic fluid cultures had active populations for a 
longer period (13 days) than the comparable 30 C C,P.L,M. 
medium cultures (8 days). 
The second major criterion used to evaluate the utiliza­
tion of chick chorio-allantoic fluid by T, suis as a culture 
medium was the comparison of morphological characteristics 
of the organism cultured in the two media. Throughout this 
study the usual pattern of morphological change was for T. 
suis to become smaller when cultured in chorio-allantoic 
fluid. However, following the initial interval of long-term 
in vivo culturing, the length was essentially equal to that of 
the organisms of the inoculum. Based on the chorio-allantoic 
fluid ^  vitro growth studies the initial period of 6 days 
at the incubation temperature of 37 C would have carried the 
population over its peak and perhaps well into the death 
phase. Size variations have been noted in some trichomonad 
populations near the termination of their growth cycles. 
Buttrey (I96O) while examining trichomonads at the termination 
of growth studies experiments noted that many individuals of 
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a porcine nasal strain were "giants" while others were very 
slender, almost devoid of cytoplasm. However, McAllister 
(1958) and Buttrey (1968) studying porcine caecal trichomonads, 
probably Tritrichomonas suis and T. rotunda, respectively, 
found no significant variation in the morphology on various 
days of the growth cycle. Within 12 hours after the peak 
populations at 30 C and 35 C, decreases in size of nasal 
trichomonads of swine were noted by Sankaranarayanan (I966), 
while those trichomonads cultured at 25 C revealed no sig­
nificant differences between organisms on either side of the 
peak population. More conflicting reports are seen concern­
ing variations in cell size during the cell cycle when the 
protozoan Tetrahymena is examined. McCashland and Johnson 
(1957) found T. pyriformis strain CHS remained about the same 
size during a growth cycle; strains W, L I and L II became 
smaller during periods of most rapid division and strains 
HS, E and T. vorax strain increased in size during the 
phase of most rapid division. These variations in cell size 
during the growth cycle may help explain the size relation 
after the initial 6 days of the long-term 3^  vivo cultures; 
however, other likely explanations would be fixation artifact 
or error in sample selection of those organisms measured. 
Measurements of triohomonad width in thxs long-term iri 
vivo experiment showed a steady, although initially slow, 
decrease until the I5- to 19-day interval. At this time there 
was an increase to a level intermediate to that which was 
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seen between days 6 and 11. 
This variability in size subsequent to inoculation into 
chorio-allantoic fluid was also noted in the 24-hour vivo 
studies and the long-term in vitro studies. 
Variations of pH might be considered as a cause for this 
fluctuation due to the difference between the pH 6,1 for 
the stock C,P.L,M, medium cultures and the pH values of chorio­
allantoic fluid. The latter ranges from 7.8 after 9 days 
to 7,3 after 13 days of incubation (Romanoff, 1967). Data 
previously reported by Kupferberg (1940) indicated that T, 
vaginalis cultured at pH ^ .4 had a mean length of 12.4 -
0.13 u as compared to those cultured at pH 7*^ 0 which had a 
mean maximum length of I5.OO - 0.23 u. Palmquist and Buttrey 
(i960) reported a porcine trichomonad from the caecum cultured 
at pH 6.7 to 8.2 averaged 13,16 u in length compared with 
those grown in the pH range 5*0 to 6.4 which averaged 11.70 u. 
Later, Buttrey and Sankaranarayanan (I969) reported that tri-
chomonads from the nasal cavity of swine were shortest at pH 
6.1 to 7.1 and longer in the pH ranges of 7*6 to 8.6 and 4.6 to 
5.6. Since the size of these trichomonads usually increased 
when cultured in neutral to alkaline media as shown from these 
reports, an explanation other than differences in pH must be 
found for the reduction in trichomonad length caused by the 
chorio-allantoic fluid culture. 
Length measurements taken during the long-term vitro cul-
turing periods and following the subsequent inoculation into 
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C.P.L.M. medium revealed pertinent relationships between size 
and growth cycle stages of the population. Continued de­
creases in protozoan length cultured at 30 C to vitro were 
noted on day four and after the peak population was reached 
on day six. On day four of the 36 C to vitro growth experi­
ment the population was at its peak in numbers; following an 
additional 2 days of incubation the population had decreased 
rapidly. During the first 4 days of culturtog at J6 C, 
the length of the trichomonads decreased; however, this de­
crease also continued during the 2 days of incubation following 
the peak population. 
At 30 C, following retooculation into C.P.L.M. medium from 
the chorio-allantoic fluid to vitro cultures, the length in­
creased through 6 days of culturing. Considertog the normal 
growth curve of T. suis at 30 C to C.P.L.M. medium, this con-
ttoued increase to size was seen to occur over the peak popula­
tion which suggests that these cells continued to enlarge after 
the peak population. However, at 36 C the cells were equal 
to length after 6 days compared with those cells measured 
after 3 days, todicattog that continued cell enlargement did 
not occur in the terminal segments of this growth study. 
Only trichomonads were measured which appeared to be 
non-dividing forms, i.e., those with a stogie mastigont system. 
Biased measurements are presented which toclude only non-
dividtog individuals of the population; however, it was felt 
that measurements from this segment of the population were 
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appropriate for the comparisons made. 
In addition to the gross morphological variations noted 
above, the size of the parabasal body was found to fluctuate 
predictably when correlated with the culture media used with 
time and temperature of incubation. During 2^ • hours of in 
vivo culturing there was only a slight decrease from 3»33 to 
3.14 u noted in the length of this organelle between the 14-
and 24-hour periods. Trichomonads reinoculated into C.P.L.M. 
medium for 24, 48 and 72 hours at 35 C following this 24-hour 
in vivo period exhibited parabasal bodies with increased 
length. 
Long-term ^  vitro culturing at 30 C and 36 C also re­
sulted in the reduction in length of this organelle compared 
to the length of the parabasal bodies of the original C.P.L.M. 
medium inoculum. Following the re inoculation from these 
cultures into C.P.L.M, medium the parabasal body increased in 
length at both 30 C and 36 C temperatures for the initial 3-
day period, while an additional 3 days of incubation at these 
temperatures resulted in decreases in length. In each of these 
cases a correlation can be made between the synthetic needs of 
the cell and the relative size of this organelle. Enlarge­
ment of organisms due to growth or rapid cell division would 
necessitate the synthesis of proteins which has been classi­
cally associated with the ribosomes found on the rough endo­
plasmic reticulum and the synthesis of carbohydrates from 
simple sugars which takes place according to Peterson-Neutra 
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(1965), Neutra and Leblond (I966) and Leffingwell (I968) in 
the Golgi cistemae. If concentration and packaging of 
these proteins and carbohydrates are accomplished by 
the Golgi apparatus as was shown by Caro (I96I), Caro and 
Palade (1964) and Jamieson and Palade (1967) it can be hy­
pothesized that this packaging also takes place in the tri-
chomonad parabasal body. Pawcett (1964, I968) reported that 
during periods of synthesis the Golgi enlarges and that the 
lamellar components appear to be longer. At the light micro­
scope level these variations could be seen especially if the 
vesicles which are pinched off the cistemae were stained. It 
would also follow that during periods of culture in which 
rapid synthesis and growth of the individual were not occurring 
the parabasal body would appear at some basal level. 
During the long-term chorio-allantoic fluid vitro 
periods the sample size for the day four measurements was 
too small for valid comparisons; however, a speculation might 
be warranted concerning the 36 C cultures. The population 
was at its peak on day four so one might then expect a de­
crease in synthetic demands of the individuals from that point 
in the growth cycle. This was evidenced by the reduced size 
of this organelle after six days. At 30 C the reduction in 
length between days four and six also could be explained by 
the fact that on day six the 30 C culture had reached its 
peak population (Graph 9)-
Following re inoculation into C.P.L.M. medium from these 
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long-term jji vitro populations the parabasal bodies seen in 
those organisms cultured at 36 C were considerably longer and 
slightly wider than those from the 30 C culture. After 3 
days of C.P.L.M. medium culturing at both 30 C and 35 C, 
the cultures were in the log phases of their growth cycles 
(Graph 2)« Prom this information it can be postulated that 
a difference in synthetic demands, as evidenced by the in­
crease in the parabasal body length, resulted mainly from the 
individual size differences of the organisms in the two cul­
tures. Following 6 days of C.P.L.M. medium culturing at 30 C 
and 35 C the populations were normally well down from their 
peaks (Graph 1). This decrease could result from several 
causes, one of which is death of organisms accompanied by a 
low division rate. Organisms at this point had reached 
comparable dimensions to those in the inoculum and probably 
exhibited a very low mitotic rate which together resulted 
in a low synthetic demand. 
Changes in parabasal body length were also noted by 
Sankaranarayanan (I966) in her study on a porcine nasal 
trichomonad. The difference in length recorded in her study 
was correlated to the peak in population. I believe her 
data could also be correlated to the relative amount of syn­
thesis being carried on by the rapidly dividing forms of the 
log phase compared to the more or less non-dividing individuals 
of the population after peak numbers had been reached. 
Soleymany (1970) found the parabasal body was longest 
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in T, augusta when it was incubated under anaerobic conditions. 
These conditions also supported the highest populations in 
his study. 
The morphological and growth characteristics of T. suis 
cultured in the chorio-allantoic fluid of the developing 
chick embryos differ considerably from those characteristics 
of the organism when it is cultured in C.P.L.M. medium. The 
general effects of culturing T. suis in chorio-allantoic fluid 
were similar whether 3^  vivo or 3^  vitro systems were used, 
and any modification or variation in growth rates or morphology 
appeared to be temporary responses to the culturing in chorio­
allantoic fluid. 
Data from a number of workers summarized by Romanoff 
(1967) indicate that glucose comprises approximately 90^  of 
the carbohydrates present in the chorio-allantoic fluid. The 
major carbohydrate of C.P.L.M. medium (Johnson and Trussell, 
1943) is maltose although there is also an undefined amount of 
carbohydrate present due to the addition of liver extract to 
the medium. The comparison of various laboratory media with 
these two sugars has been conducted using several species of 
trichomonads. Trussell and Johnson (19^ 1) found that T. 
vaginalis attained greater numbers cultured in a 2.% proteose 
peptone medium supplemented with maltose rather than glucose-
Read (1957) using a trypticase medium (S.T.S. medium, Kupfer-
berg et al., 1948) found T. gallinae grown with maltose pro­
duced twice the number as with glucose and that T. vaginalis 
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attained a population five times as great cultured with 
maltose In comparison to its growth with glucose, Honlgberg 
and Pierce (I963) found in S.T.S, medium the optimum glucose 
concentration to be 0.04 M for T. gallinae growth; however, 
addition of maltose at this concentration provided growth 
which was superior to that in glucose. Maltose cultured 
trichomonads have also been found to grow larger and heavier 
than those cultured In glucose-supplemented media (Read, 
1957; Daly, 1970). 
Prom these observations on the effect of the carbohydrate 
source In commercial nutrient media used in culturing various 
trichomonads, the variation in this study, although possibly 
modified by a number of factors such as pH, temperature and 
inoculation number, may be primarily caused by the utilization 
of the sugar glucose rather than maltose by T. suis in chick 
chorio-allantoic fluid. 
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VI. SUMMARY 
T. suis was successfully cultured in C.P.L.M. medium at 
25 C, 30 C and 35 C. Cultures could not be established 
at 20 C. 
Maximum populations of 2.58 x 10^ , 3*9^  x 10^  and 4.08 x 
10^  trichomonads per ml were attained after 11.5» 4 and 
4 days of culturing in C.P.L.M. medium at 25 C, 30 C and 
35 C, respectively. Active measurable populations were 
found in each of the culture tubes for I6, 8 and 7 days 
for the respective temperatures. 
Populations of T. suis appeared to immediately enter a 
logarithmic growth phase, exhibiting no lag phase, at the 
selected temperatures of C.P.L.M. medium culturing. The 
minimum generation times at the respective temperatures 
of C.P.L.M. medium culturing were 16.3, 6,1 and 5*6 hours, 
while the average generation times determined graphically 
were 18.6, 6.6 and 6.1 hours, respectively. 
C.P.L.M, medium populations decreased at logarithmic 
rates during parts of each culture's decline in population. 
A 19-day period of ^  vivo culture was reported in which 
four sets of eggs and three serial egg-to-egg transfers 
were made. The protozoan numbers increased approximately 
45, 45» 35 and 85 fold by the terminations of each in­
terval of culture. 
The maximum protozoan population reached during any of 
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the 3^  vivo culturlng intervals ranged from 200,000-
750,000 trichomonads per ml of chorio-allantoic fluid. 
7. Gross body measurements decreased from 11,7^  i 0,18 u by 
6.13 - 0.16 u to minima of 10,48 - 0.25 u by 4.52 Ï 
0.16 u during chorio-allantoic fluid ^  vivo culturing, 
8. Trichomonads incubated I5 and 19 days ^  vivo were re-
inoculated into C.P.L.M. medium at 37 C for 48 and 72 
hours, respectively. The respective length and width 
measurements of organisms cultured for these additional 
periods in C.P.L.M. medium were nearly equal, as were 
the respective nuclear measurements. These dimensions 
also nearly equaled those of the original Inoculum. 
9» T. suis was cultured in the chorio-allantoic fluid of 
9-, 10-, 11-, 12- and 13-day chick embryos ^  vivo. 
Age of embryo appeared to have a negligible effect on 
the population growth of T. suis cultured in the chorio­
allantoic fluid, 
10. Initial inoculations of 150,000; 325,000 and 600,000 
trichomonads were made into the chorio-allantoic sacs 
of these variously aged embryos. There were no lag 
phases of protozoan growth demonstrated in any of the 
aged embryos used In these studies. Initial concentra­
tion in the chorio-allantoic fluid following inoculation 
appeared to dictate the initiation point of growth on the 
growth curve. 
11. Morphological comparisons were made between T. suis 
cultured in C.P.L.M. medium and after 14 and 24 hours 
of culturing in chorio-allantoic fluid vivo. 
12. Significant differences were noted between the body dimen­
sions of the control organisms compared to organisms in­
cubated 14 and 24 hours 3^ 1 vivo* Organisms were reduced 
from 11.96 - 0.09 u long by 5*42 - O.O6 u wide to minima 
of 10.37 - 0.07 u long by 4.30 i O.O5 u wide during the 
24-hour period. 
13. Neither nuclear nor parabasal body measurements were sig­
nificantly different between control and 14- and 24-hour 
in vivo cultured trichomonads, although between the 14-
and 24-hour measurements there was a slight reduction in 
the parabasal body length. 
14. Following 24 hours of 3^  vivo culturing, T. suis re-
inoculated into C.P.L.M. medium and incubated 72 hours 
regained dimensions similar to those of the original 
inoculum. 
15» The growth curve of a C.P.L.M. medium culture inoculated 
with organisms which had been incubated 3^  vivo for 24 
hours was very similar to the control 35 C C.P.L.M. 
medium growth curve. 
16. The parabasal body was shown to fluctuate in length 
as the apparent synthetic demands of the cell increased 
or decreased due to growth of the population or to the 
cell itself. 
17» Inoculation with at least 20,000 log phase trichomonads 
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appeared to be necessary for the consistent establishment 
of chorio-allantoic fluid vitro cultures at 35 C. 
18. T, suis was successfully cultured for both 24-hour and 
long-term (13 days) chorio-allantoic fluid 3^  vitro 
experiments at 30 C and 36 C. 
19. Maximum populations of 900,000 and I.I5 x 10^  trichomonads 
per ml were attained after 6 and 4 days of ^  vitro 
chorio-allantoic fluid culturing at 30 C and 36 C, 
respectively. 
20. Minimum generation times calculated for the 24-hour 
chorio-allantoic fluid vitro cultures were 13*5 hours 
for 30 C and 11.2 hours for 36 C; however, only the 36 C 
culture increases followed a logarithmic pattern. The 
average generation time determined graphically for the 
36 C, 24-hour 3^  vitro cultures was I7.I hours. 
21. Long-term (13 days) ^  vitro growth curves at both 30 C 
and 36 C followed logarithmic increases and exhibited 
no lag phases. The average generation time determined 
graphically was 26.2 hours at 30 C and 16.1 hours at 
36 C. The cultures at 30 C decreased less rapidly than 
the 36 C cultures which followed very closely a logarith­
mic decline. 
22. After 4 and 6 days at both 30 C and 36 C, trichomonads 
cultured in chorio-allantoic fluid ^  vitro were shorter 
although wider than those organisms of the Inoculum. 
After 4 days of 30 C in vitro culturing, trichomonads were 
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longer and wider than those incubated at 36 C. The 
lengths in both temperatures were shorter after 6 days 
of 3^  vitro culturing than after 4 days. 
23» The length of the parabasal body decreased throughout 
the 6 days of chorio-allantoic fluid ^  vitro culturing 
at both 30 C and 36 C. 
24. During long-term (13 days) chorio-allantolc fluid 3^  vitro 
culturing the axostyle assumed a slightly sigmoid con­
figuration appearing to partially fold upon itself. 
25. Following 6-days chorio-allantoic fluid ^  vitro cultur­
ing, trichomonads reinoculated into C.P.L.M. medium elon­
gated to the length of the organisms in the original 
C.P.L.M, medium inoculum. Specifically, trichomonads in­
cubated in 36 C C.P.L.M. medium reached a maximum length 
after 3 days, while at 30 C, measurements continued to 
increase between the 3-day and 6-day measurements. Dur­
ing this culturing T. suis became more rotund in shape. 
26. The parabasal body enlarged greatly during the initial 
3 days of culturing in C.P.L.M. medium following 6 days 
of chorio-allantoic fluid vitro culturing. 
27. Comparisons of T. suis cultured in chorio-allantoic fluid 
and C.P.L.M. medium revealed variations in the growth and 
morphological characteristics: Although the causes for 
these variations remain unknown, a proposed solution may 
involve the metabolism of the carbohdrates glucose and 
maltose. 
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IX, APPENDIX 
Plate I 
Figures 1-16 
Tritrichomonas suis was drawn to scale at a magnifica­
tion of 6000X with the ai4 of photomicrographs taken at lOOOX 
through an oil-immersion lens. Drawings were reduced approxi­
mately S5% In printing. Abbreviations used in the legend are 
S-Hem., Schaudinn's fixative stained with Heidenhain's 
iron hematoxylin and B-P8., Bouin's fixative stained with 
protein silver. 
Figure 1. S-Hem. Left dorso-lateral view 
Figure 2. B-PS. Dorsal view 
Figure 3. 8—Hem# Left dorso-lateral view 
Figure 4. S-Hem. Left dorso-lateral view 
Figure 5. B-PS. Right dorso-lateral view 
Figure 6. B-PS. Right lateral view 
Figure 7. B-PS. Right dorso-lateral view 
Figure 8. B-PS. Left dorso-lateral view 
Figure 9. B-PS. Left dorso-lateral view 
Figure 10. B-PS. Left dorso-lateral view 
Figure 11. B-PS. Left lateral view 
Figure 12. B-PS. Right lateral view 
Figure B—PS. Left dorso-lateral Vl6*t 
Figure 14. S-Hem. Left lateral view 
Figure 15. B-PS. Dorsal view 
Figure 16. B-PS. Left dorso-lateral view 
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